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T    O 


Sir  JOHN  PRINGLE, 

* 

Baronet, 

President  of  the  Royal  SociettTj 


AND 


PHYSICIAN  IN  ORDINARY  TO 


HIS    MAJESTY. 


S  I  R, 

THE  fubjea  of  M.  La  vol- 
sier's  Philofophical  and 
Chemical  EfTays,  has  already  been 
honoured  with  your  attention ;  and 
the  praife  which  you  have  fo  juftly 

beftowed  on   our   very    ingenious 

a  2  country- 
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countryman   Dr.    Priestley,    in 

yoiir   elegant  and  learned  orationy 

on  delivering  to  him  the  honourable 

reward  of  his   refearches   into    the 

nature  and   properties  of  different 

kinds  of  air,  evinces  the  degree  of 

importance   in   which   you   efteem 

fuch  inquiries.     The  recent  difco- 

veries,    which    have   refulted   from 

them,  fully  juftify  the  decifion  of 

the  Royal  Society  ;  and  it  muft 

be  pleafing  to  every  individual  of  it 

to  obferve,  in  perufing  the  hiftori- 

cal  part  of  M.  Lavoisier's  Treatife, ' 

the  very   large    {hare   which  their 

brother-members  have  fuftained  in 

this  interefting  inveftigation. 

To 
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i  you  therefore,  Sir,  as  Prcfi- 
of  the  firft  Philofophical  So- 
ciety in  Europe,  as  a  moft  compe- 
tent judge  of  the  merit  of  the  ori- 
ginal work,  I  beg  leave  to  dedicate 
this  Tranllation,  and  requeft  you 
to  accept  it  as  a  teftimony  of  the 
gratitude,  efteem  and  refpeft  with 


which  I  am, 


Sir, 

Tour  mojl  devote 
and  obliged 

humble' Servant, 
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IT  has  been  obfcrvcd  by  one  of  the 
greateft  Philoibphers  of  the  prefent 
age»  that .  ^'  if  thofe  who  unhappily 
fpent  their  time  and  fubflance  in  fearch 
after  an  imaginary  production  that  was  to 
reduce  all  things  to  gold^  had,  indead  of 
that  ftuitlefs  purfuit,  beftowed  their  labour 
in  iearching  after  that  much  neglected  vo- 
latUe  Hermes 9  who  has  fo  often  e(caped 
through  their  burft  receivers  in  the  difguifc 
of  a  iubde  ipirit,  a  mere  flatulent  exploiive 
matter ;  they  would  then,  inftead  of  reap- 
ing vanity,    have   found   their   refcarches 

a  4  rewarded 
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rewarded    with    very   confidcrablc    difco- 


It  will  appear  that  this  obfervation  hasi'^ 
been  ftrongly  verified.  Since  men  have 
ceafed  to  pay  attention  to  the  arrogant  pre- 
tenfions  and  idle  dreams  of  the  old  AI- 
chemifls,  and  have  dire<^ed  their  inquiries 
on  phyfjcal  principles,  a  very  rapid  pro- 
grefs  has  been  made  in  the  improvement 
of  Chcmiftry.  Myftery  and  cmpyricifm 
have  given  place  to  fyftematical  perfpicu- 
ity  J  men  of  the  firft  charaiSer  in  Philofo- 
phy»  and  of  the  higheft  rank  and  opulence, 
have  become  cultivators  of  the  fcience,  and 
Chcmiftry,  inftcad  of  confining  her  pur- 
fuits  to  the  trantaiutation  of  metals  or  the 
difcovery  of  panaceas,  has  now  taken  a 
more  liberal  and  enlarged  field  ofa^ion^ 
and  has  greatly  contributed^  and,  it  is 
hoped,  from  the  progrcfs  which  Ihc  every 
day  makes,  will  ftiU  more  extenfively  con- 
tribaU 

•  Halct'i  Surici,  Vol,  L  p.  $16. 
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tiibotc  to  the  improvement  of  the  othc5 
arts  and  fciences.  By  her  afliftance  Philo- 
fophers  have  been  enabled  to  make  greater 
difcoveries  in  a  few  years,  than  they  were 
before  capable  of  efFefting  in  an  age.  In- 
ftead  of  building  on  the  fandy  foundation 
of  hypothefis,  they  now  eftablifli  more  du- 
rable fyftems  fupported  by  experiment  and 
rational  indu6tion.  Thefe  are  the  trials  to 
which  every  new  opinion  is  to  be  fubmit- 
ted ;  and,  however  plaufible  its  appearance 
or  fefpeftable  its  inventor,  no  theory  can 
be  admitted  which  will  not  ftahd  the  tcft 
of  this  examination. 

The  advantages  ariiing  from  the  aid  which 
Chemiftry  affords  to  the  other  branches  of 
Phyfids,  have  been  in  nothing  more  con* 
fpicuous  than  in  the  very  important  dif- 
coveries which  have  been  lately  made  rela- 
tive to  the  nature  and  conftitution  of  Air. 
By  the  afliduous  application^  and  unremit- 
^ng  attention-  of  feveral  eminent  Philofo- 
-    •  .  phers; 


» 
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phers,   and  particularly  among  our  own  -; 
countrymen    of    Meflieurs  Hales,    Black, 
Macbride,  Cavendiih  and  Prieftley,  a  num- 
ber of  experiments   have   been  made,  by  ] 
which   the  analyfis  of  this  fluid  has  been  ] 
purfued  much  farther  than  could  poffibly  J 
have  been  expetfled ;  and  hence  many  new 
and  curious  difcoveries  have  refulted,  which  | 
were  wholly  unforefeen  even  by  the  Inge- 
nious experimcntallAs  themfelves. 


Besides  the  mofl  convincing  demon- 
ftration  of  the  exlAence  of  air,  in  a  fixed 
ftatc,  in  fevcral  of  the  hardeft  and  moft 
ibiid  bodies,  capable  notwithHanding  of 
recovering  its  elafticity  whenever  it  is  let 
loofc  from  its  bafis  by  the  a^on  of  fire, 
or  by  fermentation  or  effervefcence  j  be- 
fides  the  proof  that  it  is  contained  in  great 
abundance  in  calcareous  earths  and  alka- 
line lalts,  and,  that  as  on  it£  prcfcncc  de- 
pend Ibmc  of  their  diibnguilliing  proper- 
ties, {o  they  acquire  new  ones  by  being; 
deprived 


deprived  of  it  i  that  this  air  has  various 
degrees  of  affinity  with  different  bodies, 
and  is  capable  of  being  transferred  from 
one  fubftancc  to  another ;  it  has  alfo  been 
difcovered  that  fixed  air,  when  reftored  to 
a  ftate  of  expanfibiUty,  is  different  from 
common  air,  fatal  to  animals  who  breathe 
it,  yet  ftrongty  anlifeptic,  not  only  refill- 
ing the  putrefailion  of  animd  fubftances, 
but  even  reftoring  them  to  fwectnefs  and 
firmnefs  when  actually  putrid,  and  that, 
contrary  to  common  air,  it  may  be  abforb- 
ed  in  confiderable  quantity  by  water. 

These  laft  properties  of  fixed  air,  fiig- 
geftiwl  the  idea  of  its  utility  as  a  medicine 
in  putrid  difeafes  ;  the  trials  that  have  been 
made  have  fully  juftificd  the  exped^ationE 
that  had  been  formed  of  its  efficacy.  We 
are  arrived  at  the  power  of  imitating  the 
acidulous  and  chalybeate  waters  in  great 
pcrfetfUoD,  and  iued  air  has  been  admi- 
niftered 
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niftered  in  various  forms,  and  with  confi* 
Lderable  fuccels,  in  Several  difeafes. 


However  firmly  the  do<5lnni!  of  fixed 
^r  might  appear  to  be  ellabliHied  in  Great 
Britain ,  fome  formidable  opponents  to  it  arofc 
in  Germany.  The(e  Philofophcrs,  inftead 
of  fixed  air,  fubftitutcd  another  agent  which 
they  denominated  ^cidum  pinguct  with 
this  difierence,  that  as  the  cauflicity  of  al- 
kalis and  quick  lime,  and  the  folubility  of  , 
the  latter  in  water,  depend,  according  to 
Dr.  Black's  fyftem,  on  their  being  deprived 
of  fixed  air,  the  German  theory  reprcfenis 
thefe  properties  as  depending  on  thofe  bo- 
dies foffeJ}ing  the  acidum  pirtguey  which 
neutralises  them,  and  thereby  gives  folu- 
bility to  the  one,  and  caudicity  to  both.   . 


TuE  decifion  of  this  controverfy,    of 
fuch  importance  to  fdence,  has  been  ua* 
dertaken  by  M.  Lavoifier  of  Paris,  a  Gen- 
tleman 
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deman  of  diflsngmflied  rank^  and  ai>  Ifi- 
tendant  of  the  Financed,  who,  amidft  the 
various  public  avodations  to  which,  the  na- 
ture of  his  office  fubjeds  him,  purfoesja 
number  of  philofophical  and  cheinical  j^e- 
fearches  with  ahnofl  unequalled  abiUties 
a6d  perfeverance.  The  hiilory  which  he 
has  given  us  of  the  gradual  diicoyerics 
which  have  been  made,  relative  to  the  fub- 
jeSt  of  elaflic  vapours,  is  ib  entertaining 
and  infbuAive^  and  hii  experiments  fo 
well  conduced,  his  inferences,  in  general, 
fo  juiUy,  fo  judicioufly  deduced,  that  I 
thou^t  I  could  not  render  a  greater  isr<* 
vice  to  the  public,  than  by  tranflating  M. 
Lavoifier's  Treatife  into  English,  being 
fenfibk  that  the  reading  of  foreign  books 
of  fcience  in  their  original  language,  is, 
from  varicfus  caufes,  confined  to  a. very 
narrow  circle. 

Many  of  my  readers  will  perhaps  be 
conviiKed  that  this  remark  is  not  ill  found- 
ed. 
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ed»  when  they  iee  how  much  has  been 
done  abroad  on  the  fubje^  of  fixed  air. 
1  am  apt  to  think  that  the  modem  forcij^n 
authors,  of  whofe  works  M.  Lavoificr  has 
given  a  detail,  arc  far  from  being  generally 
knoivn  in  this  iOand  ;  yet  they  feem  to  be 
diftinguilhed  by  an  ingenuity,  and  a  degree 
of  phyfical  knowledge  well  deiervlng  of 
our  candid  attention. 


M.  Lavoisier,  in  his  account  of  tho 
difcoveries  of  our  great  Englilh  Philofopher, 
has,  as  I  imagine  from  an  infutHcicnt  ac- 
quaintance with  our  language,  fomctimcs 
mtfreprefentcd  that  Author's  meaning. 
Where  this  was  the  cafe»  J  have  either  al- 
tered the  text  by  rclloring  Dr.  Prieftley's 
own  words,  or,  where  that  could  not  be 
fo  convenienily  done,  have  pointed  out 
and  corrected  the  mifUkes  by  notes.  J 
have  likewife,  as  M.  LavoilJcr's  hil^ory 
only  recounts  Dr.  PrIcAley's  experiments 
-M  publiilicd  in  the  Phllofophicat  TranfJu;- 
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tions,  with  a  view  to  make  the  hiftoncal 
part  mc^re  complete^  added  a  (hort  account 
of  his  more  recent  dtfcoveries  contained  in 
the  firft  volume  of  his  Experiments  and 
Obfervations  on  diiferent  kinds  of  Air. 
In  order  to  diftinguifh  thefe  notes  from 
thofe  of  M.  Lavoifier^  I  have  marked  them 
with  the  initial  letters  of  my  name. 

I  SHOULD  have  been  apprehenfive,  from 
my  verjr  fhort  acquaintance  with  the  French 
language^  of  publifliing  this  Tranflation, 
had  not  my  friend  Mr.  Aikin  of  Warring- 
ton kindly  undertaken  to  revife  the  (heets. 
His  perfed:  knowledge  of  the  language  and 
of  the  fubjed,  have  certainly  contributed 
to  make  it  more  free  from  error^  than  I 
fear  it  would  otherwife  have  been. 

A  MEMOIR  of  M.  Lavoifier*s,  read  be- 
fore the  Royal  Academy  of  Sciences,  on 
the  nature  of  the  principle  which  com-- 
bims  ntHtk  metals  during  their  calcination 

and 
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and  increafes  their  weighty  has  been,  late- 
ly,  put  into  my  hands,  and  I  thought  it 
proper  to  add  this  by  way  of  Appendix; 
and  the  publication  of  Dr.  PriefUey's  fe- 
cond  volume  on  the  fubjedt  of  Air,  has 
enabled  me,  with  that  Gentleman's  appro- 
bation, not  only  to  give  his  fentiments  on 
the  nature  of  that  principle,  but  alio  his 
ideas  of  the  conftitution  of  common  air. 
But  (b  much  intereiling  information^  fuch 
important  difcoveries  abound  in  that  work^ 
,  that '  nothing  but  a  perufal  of  the  whole 
can  iatisfy  any  perfon  pofTeOfed  of  the  leaft 
philofbphical  tafte. 


ADVER- 


[ADVERTISEMENT 

PREFIXED    TO    THE 

FRENCH    EDITION. 


D 


URING    more   than  ten  ya 
that  1  have  applied  myielf 


I 


Phyfics  and  Chemiftry,  and  J 
devoted^  to  thtife  two  Icieaces,  the  t 
of  which  my  other  occupations  have  | 
mitted  me  to  dirpofe,  my  materials  h 
ta  greatly  accumulated,  that  I  cannot  f 
fibly  cxpcdt  they  wUI  find  a  place  in 
Collection  of  Memoirs  of  the  Royal 
Academy  of  Sciences.  BeGdes,  moft  > 
the  objeifU  which  have  employed  my  at- 
tention have  required  too  great  a  number 
of  experiments,  and  too  great  an  extent  of 
difculBon,  to  leave  it  polTible  for  mc  to 
confioe 
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confine  them  to  the  bounds  prefcrlbed  to 
our  Memoirs,  and  I  therefore  thought  my- 
fclf  indifpenCbly  obliged  to  form  them  in- 
to diftinft  Treatifes. 

The  diverfity  of  fubjcfls  which  I  have 
to  offer  to  the  public,  the  uncertainty  alfo, 
under  which  I  remain,  to  determine  in 
what  order  I  (hall  publifh  my  Memoirs, 
have  impofcd  on  me  the  neceffity  of  chtt- 
fing  a  general  title  applicable  to  the  whole, 
and  that  of  Phyfical  and  Chemical  EflayBl 
appeared  to  me  more  proper  than  any  other 
to  anfwer  my  intention.  This  title  will 
apprife  the  reader  of  the  indulgence  for 
which  I  have  occafion  j  it  will  give  me  the 
liberty  of  prefcnting  him  with  detached 
obfcrvations ;  and  lafUy,  it  will  even  ren- 
der excufable  the  very  diforder  which  may 
appear  in  the  arrangement  of  the  materials. 


We  eafily  become  intercftcd  for  the  fab- 
jcd  on  which  wt  are  employed,  and  the 


I 

I 
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laft  laboar  in  which  we  have  been  engaged 
is  commonly  the  favourite  obieft.  This 
weaknefs,  from  which  it  would  be  ditii- 
cultf  and  perhaps  dangerous  to  guard  our- 
felvcs,  has  doubtJefs  induced  me  to  publiHi 
firft  what  I  have  coUeded  concerning  the 
exigence  of  an  elailic  £xable  fluid  in  Come 
fubllances,  and  it£  dilengagement  from 
them,  although  this  work  is  the  laft  I  have 
written;  befides  the  kind  of  intereft,  which 
men  of  fcience  fecm  to  take  in  this  fubjedl, 
and  the  refearches  which  muhiply  on  every 
tide,  would  certainly  have  been  a  fufhcient 
motive  to  determine  me,  and  it  is  unnecef- 
iary  therefore  to  fcarch  for  any  other. 

I  DESIGNED  to  have  infertcdj  in  this 
volume,  fomc  much  more  elaborate  details 
on  the  precipitation  of  mclals  difiblved  in 
acids,  and  the  conHderable  augmentation 
in  weight  which  they  acquire  in  that  ope- 
ration ;  but  tlie  necel]ity  of  firll  iovedi- 
gating  the  nature  of  the  acids  themfelves. 


b2 
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of  knowing  the  principles  of  which  they 
are  compofcd,  and  the  caies  in  which  their 
dccompofition  is  effected,  &c.  prevented 
me}  and  [  have  been  convinced  that  many 
things  were  previouUy  to  be  done.  Front 
thefe  and  other  fimilar  motives,  I  have  fll- 
fo  defcrreti  ilie  publication  of  my  experi- 
ments on  fermentation  in  general,  and  on 
the  acid  fermentation  in  particular. 


This  fird  volume  will,  I  hope,  be  foi* 
lott'ed  by  fcveral  others,  and  in  thele  I 
fliall  fucceffively  enter  on  a  train  of  expe- 
riments which  are  already  numerous,  and 
which  I  ftill  intend  to  incrcafc ;  ift,  on 
the  cxillcnce  of  the  fame  claAic  fluid  in  a 
great  number  of  bodies  in  nature,  in  which 
it  has  not  been  hitherto  fufpctiicd ;  2dly, 
on  the  total  decompofiiion  of  the  three 
mineral  acids ;  ^dly,  on  the  ebullition  of 
fluids  in  the  vacuum  of  an  air  pump; 
4thly,  on  a  method  of  determining  the 
quantity  of  laliae  matter  contained  in  mi- 
ncnU 


ADVERTISEMENT.        xxi 

netal  waters,  from  the  knowledge  of  their 
fpccific  gravity;  5thly,  on  the  application 
of  the  ufe,  cither  of  pure  fpirit  of  wine^ 
or  of  fpirit  of  wine  mixed  with  water,  in 
certain  proportions,  to  the  analyiis  of  the 
very  complicated  mineral  waters;  6thly» 
on  the  caufe  of  the  cold  which  is  obferved 
in  the  evaporation  of  fluids ;  7thly,  on 
diflferent  points  of  optics,  on  which  I  have 
had  occafion  to  be  employed  in  a  Memoir 
relative  to  the  lighting  of  the  ftreets  of 
Paris ;  a  work  which  the  Academy  have 
been  pleafed  to  reward,  in  their  public 
meeting  at  Eaftcr  1766,  with  a  gold  me- 
dal, and  in  which  I  have  fince  had  occafion 
to  make  confiderable  alterations  and  addi* 
tionft;  8thly,  on  the  height  of  the  prin- 
cipal mountains  in  the  environs  of  Paris, 
compared  with  the  level  of  the  river  Scine^ 
mcafured  both  by  the  aid  of  a  good  qua- 
drant belonging  to  M.  le  Chevalier  de 
Borda,  and  alio  of  an  excellent  level  with 
a  babble  of  air  and  a  glafs,  conflrudted  by 

b3  M. 


xxii        ADVERTISEMENT, 

M,  de  Chezy,  and  the  property  of  M. 
Perronet :  La(lly>  I  (hall  add  a  numerous 
train  of  obfervations  on  the  barometer^ 
made  in  different  provinces  of  France ; .  I 
fhall  give  a  iketch  of  the  inner  part  of  the 
earth  in  thefe  provinces  to  a  pretty  confi- 
derable  depth,  the  order  which  is  obferved 
in  the  flrata,  the  conflant  level  at  which 
certain  fubflances  and  certain  (hells  are 
found,  and  the  remarkable  inclination 
which  fbme  flrata  always  have  in  the  fan^ 
direction. 

These  different  works  ar&.  moftly  far 
advanced,  feveral  of  them  have  even  been 
'  long  fince  figned  by  M.  de  Fouchy,  per- 
petual Secretary  to  the  Academy,  I  there- 
fore expert  that  it  will  foon  be  in  my 
power  to  fubmit  them  to  the  judgment  of 
f  he  public. 
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FIRST     PART. 


A  SOMMAK  Y  HISTORICAL  ACCOUNT 
or  THE  ELASTIC  VAPOURS  which 

ARE  SEPARATED  FROM  BODIES,  DC- 
RING  EITHER  THEIR  C9MBUSTION, 
FERMENTATION    OR    EFFERVESCENCE. 


«B 


ASUMMARY 

HISTORICAL    ACCOUNT 
Or  THE  ELAStIC  FAPOURS  which 

ARE  SEPARATED  FROM  BODIES  DURINO 
EITHER  THEIR  COMBUSTION,  FERMEN- 
TATION OR  EFFERVESCENCE. 


INTRODUCTION. 


A  GREAT  number  of  foreign  Philofo- 
phers  and  Chcmills  are  at  this  tinrte 
employed  in  refearches  concerning  the 
fixation  of  Air  in  bodies,  and  the 
claftk  vapours  which  are  feparated  in  the  com- 
bination as  well  as  in  the  decompofition  and  re- 
fbtution  of  their  principles.  Various  Memoirs, 
Theies  and  Diilertatioos  have  appeared  on  this 
fiitgeft  in  England,  Germany,  and  Holland. 
B  The 


2  INTRODUCTION'. 

The  French  Chetnifts  alone  feem  not  to  take 
any  part  in  thefe  important  inquiries ;  and  while 
the  difcoveries  of  other  nations  increafe  every 
year,  our  iltiodern  publications,  the  mod:  com- 
plete, in  many  refpeds,  of  any  that  have  been 
written  in  Chemiftry,  are  almoft  totally  filenC 
upon  this  fubjed. 

These  confiderations  induced  me  to  think  it 
neceffary  to  give  the  public  a  ihort  account  of 
every  thing,  which  has  hitherto  been  done,  re- 
lative to  the  combination  of  Air  with  bodies, 
and  to  give  an  accurate  description  of  the  difco* 
verics  which  have  been  made  in  this  fubjeft. 
This  I  propofe  to  do  in  the  firft  part  of  this 
Treatife.  I  have  endeavoured  to  perform  ic 
with  the  utmoft  impartiality,  and  I  have  con* 
fined  myrdf,  as  much  as  pofllble,  to  the  fimple 
charafter  of  an  Hillorian. 

In  the  fecond  part,  an  account  will  be  giveq 
of  my  own  experiments.  Thofe  which  arc  re- 
lated in  the  firft  Chapter,  are  intended  to  fix 
the  opinion  of  Chemifts  in  regard  to  the  difierent 
fy  (terns  of  Dr.  Black  and  Mr.  Meyer.    I  believe 

I  have 


INTRODUCTION. 

1  I  have  arrived  to  as  great  a  degree  of  ceruinty, 
in  this  rcfpcd,  as  can  be  hoped  for  in  FhyGcs. 
The  following  Chapters  treat  of  the  union  of 
thcclaftic  fluid  with  the  meuUic  cxlces,  of  the 
burning  of  Pholphorus,  of  the  formauon  of  its 
acid,  of  the  nature  of  the  ehitic  fluid  difchargcd 

.  in  the  foluiiotu  of  metals,  &c.  ficc 

It  muft  be  acknowledged  that  this  lafl:  part 
of  my  work  is  not  fo  complete  as  1  could  wifh, 
and  that  it  is  not  even  without  fome  degree  of 
r^rei  thai  I  publifh  it;  But  as  it  is  eafy  to  lofe 
one's  way  io  a  road  but  little  travelled,  I  re- 
Rc&cd  how  important  it  might  be  for  me  to  be- 
nefit myfclf  by  the  remarks  of  the  learned, 
though  it  might  cxpofc  me  at  the  fame  time  to 
their  criticifms.  It  is  principally  with  this  view 
that  the  latter  part  of  this  work  is  publifhed 
jn  this  ftate  of  imperfe^ion ;  and  I  am  alheady 
zwzit  that  t  have  occafioD  for  all  the  indulgence 
of  my  Reader. 


CHAP. 


»     HISTORICAL  ACCOUNT  OF 


CHAPTER     I. 

Of  the  elastic  FLUID  described^  to  ti« 
TIME  OF  PARACELSUS,  under  the  name 
Of  SPIRITUS  SILVESTRIS,  and  under 
THE  ttAMB  OP  GAS  BY  VAN  HELMO^T. 

THE  different  Authors,  previous  to  Para- 
celfus,  who  have  fpoken  of  the  elaftic 
matter  which  is  feparated  from  bodies  either  by 
Vneans  of  Fire,  Fermentation  or  Efitrvefcence, 
do  not  fcem  to  have  formed  very  clear  ideas  of 
its  nature  and  properties.  They  have  given  it 
the  name  of  Spiritus  Silvcftris. 

Paracelsus,  and  fome  Authors  coteo^porary 
with  him,  imagined  this  matter  to  be  the 'fame 
as  the  air  which  we  breathe  ^  but  it  does  not 
appear  that  this  opinion  was  fupported  among 
them  by  any  argument,  much  lefs  by  Experi- 
ments.  Van  Helmont  the  difciple  of  Paracelfus, 

•        •  ^  and 


ELASTIC  VAPOURS.     *      § 

and  frequently  ^^Sering  in  opinion  from  htm^ 
appeara  to  be  the  firft  who  undertook,  to  make 
the  fyXiavfing  inquiries  into  the  nature  of  thitf 
fulpftaoce.  He  gave  it  the  name  of  Gas  *,  Gas 
Silyefhe'f,.and  be  defined  it  a  fpirit^  an  inco* 
ercible  vapour,  which  could  neither  be  coUeded 
m  velTels  nor  be  reduced  under  a  vifible  fornu 
fie  obfi^ves  that  fooae  bodies  refolve  themfelvefu 
almoft  entirely,  into  this  fubftwce;  ^  Not,  add3 
he,  that  it  had  adually  been  contained  under  that 
jl^rqi  in  fht  bodies  from  which  it  was  feparated ; 
ojdaerwiie  nothing  cot;ild  have  retained  it,  am}  ^tt 
itf  pa^ts  wouki  have  been  diflipated.  But  it  was 
jCpni^^ined  undpr  ^  concrete  form,  as  if  fixed  ov 
^Qagu)a|ed'%  This  fubftaace,  according  to' Van 
lielmoqt's  experiments,  is  feparated  from  every 
£:rfneQting  b^y^    froni  wine,    from   meath;, 

from 

. .  ^  Gaa  18  darivfd  froa^  tb^  Putc)^  wprd.  Ghoaft,  whicli 
jgnifies  Spirit.  I'^e  Englifh  eicprefs  the  £une  idea  by  th^ 
iJiroitl  GhbH^  and'th^  G^'tiiafis  by  the  word  Geift«  which 
jtif  protfMiacfd  GaiBre.  Tkefc  wot  As  Rftve'too  in«ch  affioity 
wi^  ^t  of  Gas,  to  leave  any  doubt  of  their  derivation. 

f  Complexionum  atque  x^ixtiQ^iQ-  gl^y\e|it,iiiig|»  Fig- 
p  e&tum.  No.  ij^  u^,  U  fej* 

•  '"^  ;  .-    ,r  ,  ..    .         ...         ,       ■  f-    . 

3  J  .  ••- 
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C  rt  A  P  T  E  R     I. 

Of  the  elastic  FLUID  describbd*  to  rtn. 
TIME  OF  PARACELSUS,  under  the  name 
Of  SPIRITUS  SILVESTRISi  and  under 
•TBB  ttAiMB  OF  GAS  BY  VAN  BELMONT, 

THE  different  Authors,  previous  to  Para- 
celfus,  who  have  fpoken  of  the  elaftic 
matter  which  is  ieparated  from  bodies  either  by 
Vneans  of  Fire,  Fermentation  or  EBtrvefcencey 
do  not  fcem  to  have  formed  very  clear  ideas  of 
Its  nature  and  properties.  They  have  given  it 
the  name  of  Spirit  us  Silvcftris. 

Paracelsus,  and  fomc  Authors  coteo^porary 
with  him,  imagined  this  matter  to  be  the'fame 
as  the  air  which  we  breathe ;  but  it  does  not 
appear  that  this  opinion  was  fupported  among 
them  by  any  argument,  much  lefs  by  Experi- 
ments. Van  Helmont  the  difciple  of  Paracelfus, 
'  -*  '  and 


ELASTIC  VAPOURS. 


and  frequently  differing  in  opinion  from  him, 
appears  to  be  the  Grft  who  undertook  to  make 
the  following  inquiries  into  the  nature  of  this 
fubftance.  He  gave  it  the  name  of  Gas*,  Gas 
Silveftref,  and  he  defined  it  a  fplrit,  an  inco- 
ercible  vapour,  which  could  neitlier  be  coHefled 
in  veflcls  nor  be  reduced  under  a  vifible  form. 
He  obfcrves  that  fome  bodies  refolve  thcmfelvcs, 
almoft  entirely,  into  this  fubflance ;  *'  Not,  addi 
he,  tlut  it  hid  aftually  been  contained  vindcr  that 
Conn  in  the  bodies  from  which  ic  was  feparaied^ 
otlierwife  nothing  could  have  retained  it,  and  all 
its  pattt  would  have  been  diflipaced.  But  it  was 
contained  under  a  concrete  form,  as  if  Haed  or 
coagulated".  Thi&  fubftance,  according  to  Van 
Hclmont's  ejtperimenu,  is  fcparatcd  from  every 
fermcming  body  ^  from  wine,  from  oieatfi, 
from 


-  '  G«t  is  dviiv^il  fro^  ibc  Putcb  wcnl  Uhoaft,  which 
figDi&c*  Spm^  The  Englifli  cxptf  Is  the  fame  idea  by  the 
mnlGkoA,  and  the  Cwmins  by  the  word  Geift,  which 
ia  pn)WMuK4d  Gullr«.  Thcfc  wDf^t  Kbvctoo  iiiecb  afEnit^ 
WfiA  tHxt  ofOu,  to  [care  any  doubt  of  their  derivation. 

t  Conplexioauia  aiq^uc  iwii)onf^)0-  KbmcHtaliiua  hig- 
p  fnttHB.  fio-  i^.iit  &  f^a- 


g     HISTORICAL  ACCOUNT  OF 

It  is  in  the  feme  Tneattfe  *  that  Van  HelmMft 
^examines  whether  this  Gts  or  Spiritus  SilTeftrit 
c^  the  Anciems  biK  not^  according  to  Paracelfus^s 
opinion,  the  fanw  air  which  we  breathe  reduceci 
to  its  elementary  parts  and  combined  with  bo- 
i^ies.  Although  the  arguments  and  experia^eflts, 
))y  which  be  fupports  his  opinion,  be  not  very 
decifive,  he  believes,  however,  that  le-may  be 
determined  f  that  the  Gas  is  different  frOn^  the 
air  which  we  breathe ;  chat  it  haa  a  greater  aiB«* 
pity  with  water ;  that  it  probably  might  vconfift 
of  water  reduced  to  vapours^.  Next  moment  ^ 
he  thinks  that  this  air  might  perhaps  refult  from 
^  combination  of  a  very  fubtle  acid  with  the  vo- 
latile alkali. 

• 

The  paflages  of  Van  Hebnoht's  wotks  which 
I  have  quoted,  are  not  ihp  only  ones  in  which 
he  fptaks  of  the  Gas :  he  has  taken  notice  of 
it  in  many  others,  ^nd  particularly  in  hb  Trea- 
pk  di  Uibia/iy  Cap.  4.  No.  7.  and  -in  his.  ?0- 
mul^  feftis.  He  alfo  afcribes.  the  propagacian  of 
^idemic  difeales  to  the  vapouci  with  which  Gat 
is  inie&cd. 

^  CHAF. 

*  De  Flatibttf/(^0.  19. 

f  Idem. 

\  Idem,  67  tt6%.' 
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•        •      • 


^■•■^ 


CHAPTER    II. 

.  Of  Mr.  BOYLE's  ARTIFICIAL  AIR. 


>     ■    : 


WHAT  VaaHelmont  called  Gtf/,  Bojh 
dtnominatcd  artificUHt  il4ip,.  Fumifliad 
with  the  new  tnftrucnents  with  v4iich  he  has  ftrt^ 
riched  Natural  Fbilofophy,  he''i«|)eaeed  all  Vail 
Helmont^s  expcriiAnts  in  Vacuo^  in  condenfed 
Air,  and  in  open  Air.  The '  greater  part  of  hii 
Experiments  may  be  found  in  t  work  entitled^ 
Ceniinuatia  namrum  Expetiminfmim  phf/icQ  m^ 
tbamcorum  degnwiia^  4t^  elatere  4eris.  Some 
Others  are  diipqri^  ia  many  piirts  of  his  works.^ 


M 


-'5:BoTL£  was  ienfible,  as  well  as -Van  Hdmont; 

that  nioft  TCgetaUits,  when  diluti^  with  a  cer- 

•'    •  *> 

dliri  proportion  of'Watcr,  aiKT/pMeed  in  a  (itua-* 

ttoft  properribr  iiertnehtatioh/difcnarge  a  con- 

iiderable  quantky  of  Air;   that  this   Air  diP 

charges  itfelf  with  more  facility  in  the  exhaufted 

p^cirer  if  in  Ak-  pump,  than  in  comprcffed 

"»^  Air  J 
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Air  (  ihat  every  thing  which  impedes  the  pro-  ' 
grefs  of  fcrmentaoon  fofpends  alfo  the  fcpuration 
of  the  air,  and  that  fpiric  of  wine  poflcflcs  thii 
'-l-property  in  a  parocular  and  eminent  degree. 


Tkesb  ncperiments,  repeated  in  air  much 
Kinore  condenfcd  than  that  of  the  acmofpherc:, 
fffibrded  nearly  the  fame  refulcs.  He  then  tried 
I  the  effeft  of  placing  the  fermenting  matter  in  a 

Kmofphcre  of  anificial  air,  and  he  found  that  iff 
[>  fi)me  circumftanccs  it  accelerated,  and  in  othei 
!  retarded  the  fermentation.     But  one  efiential  dtfi 
r  fcrcnce,  between  this    air    and  that  of  the  at-* 
[  mofphere,  before  obferved  by  Van  Belmont  and 
'^  tecognifed  by  Boyle,  t$  that  the  latter  is  aeceHary 
I  ff>  the  exigence  of  many  animals,  whereas  Ehftl 
I  Other,  when  breathed  by  them,  proves  inllantl^ 
I  dcftruftivc.      Mr.  Boyle's  experiments  on    thit 
I  iiibjefl  demonflrate  that  artificial  air  is  not  i 
j  Fays  the  fame,    from  whatever  vegetable  ful 
[  ^nce  it  may  be  feparated;  and  that  the  air  whid 
r  Jl  produced  by  tlic  exploCon  of  gunpowder  pit 
ffints  phenomena  peculiar  to  itfelf. 

]i 

I  ^  It  is  cafy  to  fee  that  almoft  all  the  difci>veriq 
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of  this  kind,  which  w€  have  ufually  attributed 
loMn  Boyle,  reaHy  belong  to  Van  Hdmont^ 
and  that  the  latter  had  even  carried  his  dieorjf 
much  fu-ther.  But  one  obfervatkm.  which  is r  part 
ticularly  Boyle's,  does  not  feem  to  have  been 
even  fofpefbcd  by  Van  Helmont,  viz.  That 
there  are  bodies,  fuch  as  fulphur,  amber,  cann 
phor,  &c.  which  diminifli' the  volume  x^fair^  10 
which  they  bum.  -i  i.   ■ 


*Mi-*M*  . '      '  !         k 


CHAPTER    m. 


•  •       •  •  *  « 


Dft;  HALES's   EXPERIMENTS  on  tm, 
*'  <irANTiTY  OF  ELASTIC  FLUID  STiVAtLhrtn 

TOURING  Tflt    COJUBltTkribKS  Olt    MCOMi^Si-- 
^TlONS  or  BODIES.         ^'''^  ^:  . 


<    ^ 


^   ;j 


THE  united  txpcrifiieiits  of  Van  HclrxKJnt 
and  of  Boyle  Had  maide  it  evident  .^^t  a 
gre^t  quantity  of  diaftic  Ituid  analogous  to 'air 
was  feparated  from  bodies  in  many  operations  i 
that  aUb  in  fome  other  operations  a  portion  of 
atmofphei^c  air  was  abforfaed,  or  at  lead:  deprived 

of 
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4tf  iu  elifticity  i   but  nobody-  had  conceived  any 

[  «ka  of  [he  quantities  either  produced   or  ab> 

f  Jfcrbed.     Dr.  Hales  was  the  firft  perfon  who  hu 

Vfccix  the  obJeA  in  this  point  of  view  ;  he  invented 

[jirariom  methods,  equally   fimplc  and  commodi- 

lus,  to  meafure  with  cxa^tnels  the  bulk  of  air. 

lihall  not  »  prrfcnc  attempt  to  defcribe  the  dif. 

trent  iRftrumeots  which  he  made  ufe  of.     Par- 

rticular  attention  will  be  paid  to  this  objeift  jn 

thcfcqucU   I  Ihall  then  defcribe  the  alterations 

which  have  been  made  in  them  by  Tome  Philo- 

fophers,  and  thofe  which  I  think  they  are  capable 

of  receiving. 

Ths  great  number  of  experiments  made  by 
lpo£tor  Hales,  which  may  be  found  in  Chap.  6. 
his  Vegetable  St^tjcs,  comprehends  almoft 
every  fubftancc  in  nature.  He  lias  examined 
Into  the  cffefls  of  combuftion,  of  fcrmentatioB 
and  pf  conibioaiiori-s  &cc.  As  thefc  cxpcrinvtu^ 
jrc,  even  at  this  tjnir,  the  moft  corppletc  of 
rficir  .kind,  it  may  be  proper  to  give,  in,  Uu# 
dLu;c^  an  abdrad  of  thfo].  I'he  form  of  f 
Tii[)^  ^ippearcd  to  me  ,to  be.  the  ijiolt  clei^^  .^  • 
.  (pA^^Kpient,  uifC^  JfjA  voUuniftOBV^^  " 
\.  tJCPf 
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EXPERIMENTS 


BY       D  I  S  T  I  L  L  A  T  I  O  N. 


The  NaAies  of  the  Materials  ufed  of  eiMc 


in  the  ExperimenUi 


On  VEGETABLES. 


¥henomber| 
ofctMcHidMJ 
ofairproduoefl 
bytflraUatkn. 


One  cubic  inch  or  270  grains  of.  oak  dmba-^j 
One  cubic  inch  or  598  grains  of  peaiie, 
142  grains  of  dry  tobacco,         —         — 
One  cubic  inch  of  oil  of  anifeeds»        — 
One  cubic  inch  of  oil  of  olives,      —      «— 
One  cubic  indi  of  tartar>  •—  -«• 

One  cubic *inch  or  270  grains  of  amber. 

Or  ANIMAL  SUBSTANCES. 

One  cubic  mch  of  hog's  blood  diftilled  to 
dr^iinefs,  — .  .^  — . 

Rather  left  ithan  a  cubic  inch  of  ullow. 

One  cubic  ineh  or  482  grains  of  hartihom. 
One  cubic  inch  or  532  grains  of  oyfter  fhells, 
One  cubic  inch  of  honey,      _..-.—. 
One  cubic  inch  or  253  grains  of  yellow  wax, 

[Three-quarters  of -a  cubic  inch  of  human 
calculus  weighing  23b  grains,        *    — 


a$6 

22 
80 

270 


33 
18 

234     ^ 

3H 

«44 

54 


Or 
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Narties  of  Materials,  &c. 


Number  of  cu- 
bic inches  of 
Air,  &c. 


Op    minerals. 

Ofie  cubic  inch  or  3 16  grains  of  pit-coal. 
One  cotdc  inch  of  frcfh  antried  ^arth,    — • 
One  cubic  inch  of  antimony,       '^»      — • 
Half  an  indi  of  iea  fait  and  the  fame  quan- 
tity of  calcined  bones,  — *        — 
Haifa  cnbic  inch  or  211  grains  of  nitre, 
with  the  cabt  of  calcined  bonoi,       — 


360  • 

43 
28 

64 
90 


EXPERIMENTS 


ON^  FERMENTATION. 


Forty-two  inches  of  fmall  beer  in  feren  days. 
Twenty-fix  inches  of  braifed  applet  in  thir- 
teen days,        —        —        — 


639 
968 


EXPE- 


*  About  10s  pains  of  Air,  according  to  Dr.  Hates,  or  a  third  oC 
tii«  wbolf  weifht. 
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EXPERIMENTS 


•        < 


ON  DISSOLUTIONS  AND  COMBINATIONS,, 


The  Names  of  the  Materials 
ufed  ia  the  Experiments. 


L 


Half  a  cubic  inch  of  fal  ammo- 
niac with  one  cabic  inch  of  oil 
of  vitrioly  the  firft  day,        — 

The  next  day  it  had  abforbed  15. 

Six  cubic  inches  of  ovfter  ihells 
and  as  mach  vinegar  in  fome 
hours,        _         —         •— 

In  nine  days  21  inches  were  de- 
ftroyed,  and  the  other  eight 
difappeared  on  pouring  warm 
water  into  the  veflel  *• 


Cubic  inches 

of  Air  pro- 

duced« 


5  to6 


29 


t^im 


Cubic  Inches 

of  Air  ab. 

forbad. 


Twoc 


>  *  *<  The  ninth  day,  fays  Dr.  Hales,  I  poured  warm  water  Into  the' 
^  veflbl,  and  the  following  day,  when  all  was  cool,  I  found  that  it  had 
<<  ttforbed  the  remaining  eight  cubic  inches.  Hence  we  fee  that  warmtit 
**  win  fome^es  promote  a  reforbing  as  well  as  a  generating  ftate^ 
**  viz.  by  raifing  the  reforbing  fumes  as  will  appesM*  hereafter." 

Da.  Kalis  here  afcribes  to  the  warmth  what  was  really  owing  t^ 
the  water  limply  as  Aicb,  which  from  its  affinity  with  fixed  air  im* 
bibed  it  with  rapidity.  And  indeed  from  the  Doaoft  own  relation 
tt  does  not  appear  that  the  refoiption  Wk  place  white  (he  misturt 
«Mrtifttted  warm.   T,H« 
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Names  of  Materials,  Src. 


Inches  of  Air 
pfbduded. 


Two  cubic  inc&es  of  aqua  regia 
poured  on  a  gold  ring  flattened. 

Two  cubic  inches  of  aqua  regia 
with  a  quarter  of  an  inch  of  anti- 
mony, in  three  or  four  hours, 

After'^ibme  hours  14  inches  wei« 
reforbed. 

A  cubic  in^h  of  aqua  fortis  pour- 
ed on  a  Quarter  of  an  inch  of  an- 
timony, .  at  different  intervals, 

A  cubic  iiKh  of  aqua-fortis,  with 
•^  of  an  inch  of  iron  filings. 

Quarter  of  an  inch  of  iron  filings, 
and  one  jcubic  inch  of  powdered 
fulphur,      —      —     —     — 

A  cubic  inkh  of  aqua- fortis  on  an 
equal  quantity  of  powdered 
marcafite,  or  Waltt>n  pyrites, 

A  f  ubic  inch  of  aqua-fortis,  with 
the  fame  quantity  of  pit-coal, 
abforbed  in  three  days  1 8  inches 
of  air  ;  and  in  thfee  days  toon 
remitted  and  generated  1 2  cubic 
inches,        -«        «.        _ 

♦Two  cubic  inches  of  quick-lime, 
with  four  of  vinegar,    —    — 


38 


130 
43 


Inches  of  Air 
abforbed. 


»9 


8S 


18 


22 


Tw» 
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Names  of  Materials,  &c. 

loehaofAii 

bLchn^Air 

•bftrtci 

Two  cubic  inchei  of  lime  and  u 

l] 

much  fal  amiooohe,     —    — 

>'i 

1 

By    tbc    burning  of  Uacn-ngs. 
dipped  in  melted  brimftonc,  in 

198 

a  large  veScI,      —      —      — 

In  a  (naUer  veflel.    —    —    — 

•s» 

b 

Two  grains    of  Kciokeri  phof. 

18 

1 

oqIx  iulf  a  grslo)  fiuBe  cbne 
■fter  in  wcigiit  was  aagtatated 

1 

one  grain. 
A  pi«c  of  brown  paptr  Jbalad  in 
a  IL-ong  folurion  ofniue.  an<i 
fet  on  fire  n&dei  a  roodver,  by 

ncaiu  of  a  buniing  Icni,  pn>- 
duced          _         _         _ 

So 

In  a  f«w  houri  th!]  qvtniity  of  air 
wai  dimioijhed. 
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EXPERIMENTS 

O  N  i   B  t;  R  N  I  N  G     BODIES, 

I 

j  ANDQ5*THE 

I 

RESPIRATIOK    OF    ANIMALS. 


The  NafMCS  of  the  Materials 
ufed  ia  the  Experiments. 


• 

A  lightei  candle,   of  r  ^  tb 

Engliflf  inch  in  ditmeta-^    . 
A  rat  con)ined  in  a  receiver, 
73  cubic 'inches  of  air,  breathed 
by  a  ihan  till  he  was  nearly 
fufFocatfed,  was  relnced  to  20 
inches,  j 


Cubic  11 
of  Air  pro- 
duced. 


iidMt  Cobic 


Indld 
of  Air  ab-  ' 
forbed. 


78 
78 


•  {  .  •  - 

TffMri  ftr€  not  Che  only  experiments  contained 
in  the  fixth  chapter  of  Dr.  Hales's  Vegetable 
Statics  i  we  meet  with  feveral  others  which  are 
not  capable  of  being  reduced  to  tlie  form  of  a 
table.  The  Author  has  every  where  joined  to 
them  views  entirely  new  and  excellent  refleftions. 
Too  much  cannot  be  faid  to  induce  the  reader  to 

perufe 


^  «i 


•  • 


fc  • 
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pcnifc  that  Author's  own  work.  He  will  find  i 
nnk)ft  inexhauftible  fund  of  meditation.  I  fhall 
now  proceed  and  endeavour  to  give  an  abftraft 
of  the  fixth  chapter  of  his  book,  though  it  be 
not  very  capable  of  abridgement. 

It  is  in  this  work,  that  we  perceive  the  iRrft 
traced  of  the  exiftence  of  air  in  thofc  waters  whicK 
are,  even  now,  improperly  called  acidulous.  Dr.' 
Halifs  has  not  only  remarked  that  thefe  waters 
contained  double  the  quantity  of  air  to  common 
water,  but  he  alio  fufpedcfd  that  they  owed  theif 
remarkable  fparklihg  and  bri/knefs  to  this  flir. 

Though  Dr.  Hdles  iufpefted  that  the  acids  in 
general,  and  pafdcularly  fpirit  of  nitre,  contain^ 
ed  air,  yet  the  diffillation  of  aqua  fbrtis  gave  i, 
contrary  produft.  Inftead  of  the  augmentation 
which  he  expe^ed,  he  obferved  a  remarkable  di* 
minution  of  the  volume  of  air.  The  confequence 
which  he  drew,  from  this  obfef vation,  was  that 
acid  vapours  abforb  aif  1  and  from  hence  he 
concladed,  that  What  we  obtain  by  the  com- 
btnation  of  acids  with  alkaline  fubftances  may 
not  wholly  tpptttatn  to  the  latter,  but  that  the 

C  2  acid 
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acid  may  alfo  afford  a  part  of  it,  and  that  it  is 
very  probable  that  it  is  this  fiiSftancc  which  pro- 
duces the  air,  which  is  fcparatcd  in  folucions  of 
metals  by  acids. 

It  is  to  the  great  quantity  of  air  which  is  lec 
loofe  by  the  detonation  of  nitre,  that  Dr.  Hales 
attributes  the  cffefts  of  gunpowder  j  to  which  : 
be,  notwithJlanding,  thinks  ihould  be  added  the  I 
expanGon  of  the  watery  particles  which  are  re^  J 
duced  into  vapour.     If  tartar,  which,    a 
as  nitre,  contains  a  very  large  quantity  of  ai^^ 
does  not  explode  in  the  fame  manner.  Dr.  Hates 
accounts  for  this  difference,   by  fuppofing  that 
the  air  is  more  intimately  united  to  it,  and  re- 
quires a  greater  degree  of  heat  to  detach  rt-,  aodl 
it  is  from  this  great  quanlicy  of  air  and  its  eld 
adherence  to  the  tanar  that  he  deduces  an  e 
pUnacioti  of  the  effcAs  of  the  pulvis  fulmlnani. 


Dr.   Hales  has  atteinpted  to  determine  i 

'  dpeciBc  gravity  of  Air,  which  had  been  feparatc 

iram  tanar,  by  didillation^  but  lie  did  r>ot  fioj 

thai  it  differed  at  all,  in  that  itfpcia,  from  i 

morphcric  air  1  the  event  was  the  iaaie,  whetli 


ELASTIC  VAPOURS.  21 

he  employed  air  recentfy  extrafted  from  tartar, 
or  air  which  had  been  feparated  mcMe  dun  ten 
days  before. 

It  did  not  efcape  the  knowledge  of  Dr.  Hales 
that  the  quantity  of  air  abforbed  either  by  the 
burning  of  fulphur  or  of  candles,  or  by  the  re^ 
fptration  of  animals,  prefimted  difierent  appear* 
ances,  accordingly  as  he  employed  receivers  of  a 
larger  or  fmaller  capacity.  He  obferved,  in  this 
refped,  that  the  quantity  of  air  abforbed  is  gene* 
rally  greater  in  lai^  than  in  fmall  veflels  ^  tha^ 
however,  it  is  more  confiderable  in  fmall  than  in 
large  veflels,  in  proportion  to  their  different  ca-- 
pacities.  He  alfo  remarked  that  this  abforption 
of  air  is  limited ;  and  that  it  cannot  proceed  be- 
yond a  certain  point. 

.  Dr.  Hales,  in  the  courfe  of  his  experiments, 
has  obierved  the  lingular,  alternate  produdtiofi 
and  abforption  of  air,  of  which  he  does  not  feem 
to  have  underftood  the  true  caufe : .  the  detona* 
tion  of  nitre,  for  example,  furnilfaed  him  with  a 
great  quantity  of  air;  but  that  air  diminilhed 
^ily  in  its  elafticity  and  .bulk:  he -has  obferved 

C  3  the 
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the  fame  thing  in  r^ard  tn  a  great  number  o£. 
different  faftitious  kinds  of  air.     This  pheno- 
menon depended  on  the  water  which  the  Doctor 
always  uled  in  his  experiments  :  it  will  be  fhewn 
hcretfccr,  that  moft  of  diefe  vapours,   and  parti- 
cularly thofc   which  wc  are  accuftomed  to  denoJ 
roinaie  Fixed  Air,   have   a   great  affinity  with 
water,  which   is  capable  of  abfarbing  more  thad 
■rics  own  bulk  of  [hii  air.    Hence  it  was,  thai 
bDr  Hdes  did  not  always  draw  jud  conclufioni  i 
■  fiom  his  experiments,   and  tliit  was  the  foiirce  of  1 
FpTors,  of  which   he  was  by  no  means  apprifed, 

lad   which   will   make  it  nccelTary  to  repeat  his  [ 
finals,  fome  time,  with  particular  precautions. 

It  is  to  this  tendency  of  fixed  air,  to  unite  iN- 
felf  with  water,  that  wc  may  aiiribure  ihe  phei- 
nomenon,  obfcrvcd   by  Dr.  Hales,   in  the  burn- 
It- Jng  of  candles.     He  remarked  that  (he  abforpti- 
[  Dd  of  air  continued,  not  only  during  their  buro*  I 
[{pg,  but  even  feveral  days  after.    It  will  be  feen^jj 
llwrcaftcr,   in  the  Chapter  which  treats  of  thi 
f  Experiments  made  by  Dr.  PrieHley,  that  the  alf^ 
In  which  candles   have  bumed,    is,   in  a  | 
feKafiut^  to  the  Aate  of  fixed  air  i  that  it  is  coif 
iiKjucntljp 
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fiqaently  fufccptible  of  combination  with  water  | 

and  that  it  is  in  proportion  to  this  combination 

that  the  volume  of  air  continues  to  diminiih. 

It  was,  alfo,  owing  to  this  caufe  that  the  different  «^jb 

kinds  of  air,  which  he  obuined,  did  not  appear 

to  be  fufccptible  of  farther  reduftion,  after  they 

had  paf&d  through  water.    In  faft,  all  the  fix* 

able  pait  had  combined  itfelf  with  the  water. 

The  air  in  which  fulphur  has  burned  is  inca- 
pable of  recovering  its  elafttcity ;  it  remains  in 
the  fame  ftate,  however  long  a  time  it  may  be 
kept 

Dr.  Hales,  periuaded  that  the  air  feparated 
from  bodies,  as  well  as  that  which  had  been 
burned,  or  been  refpired  by  animals,  was  not 
diflferent  from  that  of  the  atmofphere,  and  that 
it  produced  fuch  particular  efFeds,  only  on  ac- 
count of  its  being  infeAed  and  rendered  noxious 
by  vapours,  which  were  foreign  to  its  nature,  at- 
tempted  to  filter  it  through  flannel  which  had 
bfen  fteepcd  in  a  iblution  of  fait  of  urtar ;  and, 
-by  this  mean^  he  perfedly  reftored  it.  The 
aii't  Whcft  paired  through  the  filter,  was  found 

C  4  fit 
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fit  for  rrfpiration.     A  candle,  llkcwife,  place 
nndcr  a  receiver  lined  with  a  flannel  which  hadtj 
been  dipped  in  a  folucion  of  Talc  of  tartar,  buro^A.! 
ed  a  longer  time  than  it  could  have  done  under  J 
,S  receiver  which  was  not  lined,  although  the  1 
flannel  confidcrably  diminiflied  its  capacity.  We| 
Jliall,  in  future,  fee  what  was  the  effeft  of  the  f 
fait  of  tartar  in  this  experiment,  and  in  what 
manner  it  rendered  the  air  falubriousi  but  one 
intercfting  faft  fliould  be,  here,  remarked,  viz. 
that  ilie  flannel  diaphragms,  through  which  thf 
air  had  been  filtered,  were  fenfibly  increafed  i^i 
their  weight. 

It  U  to  Dr.  Hales  alio  that  wc  arc  obligetl 
for  the  information,  that  a  great  number  of  fut> 
flanccs,  fuch  as  peafc,  wax,  oyfter  (hells,  am- 
ber. Sec.  farni(h,  by  diltiUation,  air  fufceptiblc 
of  inflammation,  and  which  even  retains  that 
'quality,  after  it  has  been  wafhcd  in  water. 

All  the  Philofophers  of  bis  time  bclievci 

'  diat  fire  became  fixed,  and  combined  itfelf  witf 

'  inctaU,  and  that  to  this  addition  they  owed  their^ 

redu&too  to  the  ftate  of  a  calx.    Dr.  Hales  has 

not 
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not  difcarded  this  opinion  %  but  he  has  moreover 
advanced  that  the  sur  contributed  to  produce  that 
tSeft,  and  that  to  it,  in  fome  degree,  muft  be 
attributed  the  augmentation  in  the  weight  of 
metallic  calxes;  He  founded  this  opinion,  on 
his  having  obtained  from  1922  grains  of  lead» 
only  (even  inches  of  air,  by  diftillation,  whereas 
an  equal  quantity  of  minium  afforded  him  34 
inches. 

The  Doftor  has  alio  retparked  that  the  pho& 
phorus,  or  rather  the  pirophorus  of  M,  Hom* 
berg,  diminiihed  the  bulk  of  air  in  which  it 
burned ;  that  nitre  could  not  explode  in  vacuo ; 
that  air  was  necefiary  for  the  cryftallization  of 
moft  falts;  that  vegetables  in  fermentation, 
yielded,  at  firfl:,  a  great  quantity  of  air  which 
they  afterwards  reforbed,  &c.  &c.  As  to  the 
diminution  in  the  bulk  of  air.  which  takes  place 
during  the  burning  of  fome  bodies,  he  fome- 
times  afcribes  it  to  the  lols  of  its  elafticicyi 
fometimes  he  feems  to  think  that  the  air  is  really 
fixed  and  abforbed  during  the  combuftion,  and 
his  work  feems  to  leave  this  matter  in  fome  de- 
gree of  uncertainty. 

However 
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However  this  may  be.  Dr.  Hales  fiiiifho 
his  fixth  Chapter  of  Vegeuble  Statics^  with 
concluding,  that  the  air  of  the  atmofphere  which 
is  the  fame  which  fcrres  us  for  refpiratton,  en* 
ters  into  the  compofition  of  the  grteter  part  of 
bodies,  where  it  ezifts  under  a  folid  form,  de* 
pnrtd  of  its  clafticity  and  of  moft  of  thoie  pro- 
perties by  which  it  is  diftinguifhed ;  that  this  air 
is,  in  fome  manner,  the  univerfal  bond  of  na- 
ture, that  it  is  the  cement  of  bodies;  that  to 
thit  is  owing  the  great  hardnefs  of  Tome  bodies, 
as  alfo  a  great  part  <^  the  gravity  of  others ;  that 
it  is  compofed  of  parts  fo  durable,  that  the  ac* 
tion  of  fire,  however  violent,  is  not  capable  of 
changing  them,  and,  likewiie,  that  having  ex- 
Iflbed  for  ages  in  a  folid  and  concrete  form,  and 
having  paflcd  through  trials  of  every  kind,  it  it 
capaUe,  under  fome  circumftances,  of  recover** 
ing  all  its  clafticity,  and  becoming  again  an 
elaftic,  thin  fluid,  wholly  refembling  that  of  our 
jitmoTpbere  *.  And^  he  compares  air  to  a  true 
Proteus,  now  fixed,  now  volatile^  which  flioubl 

be 

• 

*  Dft.  Hales  excepts  the  cafe  of  vitrification^  "  whem 
with  the  rentable  iait  and  nitre  in  which  the  air  is  incor- 
porated. 
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be  adopted  among  [he  chemical  principles,  and 
poBefs  a  rank  which  has,  hitherto,  been  denied 
10  it. 


CHAPTER     IV. 

The  opinion  of  BOERHAAVE 
FIXATION  OF  AIR  in  bodies, 
ELASTIC  VAPOURS. 


DM     THE 

AKD   ON 


THE  celebrated  Boerliaave,  to  whom  we 
are  indebted  for  an  excellent  Treatile  on 
the  Elements,  does  not  leem  to  have  been  al- 
ways of  one  uniform  ofunion,  as  to  the  combt- 
aadon  and  fixation  of  air.  Sometimes  he  appears 
to  deny  that  air  can  be  combined  with  bodies  fo 
u  to  contribute  lo  the  formation  of  their  folid 
parta-,  Ibmciimes  he  icems  to  adopt  the  conin- 
17  opinion,  and  to  inlift  under  the  banner  of  Dr. 
Halo.  In  ftiort,  on  reviewing  what  this  author 
has 

poratcd.  he  Caffofa,  it  nuy  pcrliapi  fomc  of  it,  "■'th 
other  chymica!  prindplet,  be  immutably  txi."  H»Ie»'« 
Vegcnble  Sntici,  p.  ji6. 
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has  faid  in  difTerent  palTages  of  his  works,  ond 
may  plainly  difcern,  that  the  publication  of  Dr. 
Hales's  experiments  had  induced  him  to  change 
his  opinion,  and  that  he  adopted,  to  a  certain 
degree,  the  fyftem  of  the  fixation  of  air  in  bo- 
dies; but  it  is  alfo  evident,  that  this  theory  did 
not  appear  to  him  fuificiently  proved  to  oblige 
him  to  rciraft,  from  his  works,  what  he  had  faid 
on  the  contrary  fide  of  the  qucftion. 

However  this  be,  it  is  at  the  end  of  his  trea- 
tife  on  air,  that  he  explains  himfelf  in  the  moft 
particular  manner,  on  the  opinion  of  Dr.  Halcsi  , 
we  find  there  a  train  of  experiments,  nude  with  \ 
that  accuracy  which  charaderifcs  the  works  of  I 
Bocrhaave,  on  the  air  difcngaged  from  bodies  by  I 
Combination,  and  we  cannot  but  agree  alfo,  that 
the  apparatus  he  made  ufe  of  had  fome  advan- 
I  tzgt  over  that  of  Dr.  Hales.    This  advantage 
confided  in  his  not  permitting  the  faditious  aif] 
to  have  any  immediate  communication  with  t 
I 'furfacc  of  the  water.     We  have  already  obfcn 
I  -cd,  that  for  want  of  fuch  precaution,  it  is  pofll 
bk  to  fall  into  confiderable  errors,   as  to  i 
quantity  of  air  produced  or  abforbcd. 


■ 
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It  was  in  the  vacuum  of  an  air  pump,  and 
under  a  receiver  of  known  dimenlions  that  Bo- 
erhaave  always  operated  ;  he  look  care  cxadly  to 
pump  out  all  the  air,  before  he  made  die  mix- 
ture; and  he  afterwards  judged  of  ihe  quantity 
of  air  produced,  by  a  good  barometer.  By  the 
aid  of  this  apparatus  he  dilcovered  that  one 
drachm  and  half  of  crab's  eyes,  diflblved  in  one 
ounce  and  a  half  of  dift'iUed  vinegar,  yielded 
eighty  one  inches  of  air:  that  one  drachm  of 
chalk  yielded,  with  two  ounces  of  the  fame  acid, 
one  hundred  and  fifty  one  inches.  That  the  com- 
bination of  the  ley  of  tartar,  whether  with  vine- 
gar, or  vicriolic  acid,  alio  furniOied  him  with 
a  very  conCderable  quantity  ;  that  there  were  0- 
ther  combinations,  fuch  as  the  folution  of  iron  by 
the  nitrous  acid,  which  though  attended  with 
confiderable  eficrvefcence,  did  not  produce  any 
feparation  of  claftic  fluid  in  vacuo;  and  laftly, 
that  the  fmoaking  fpiricof  nitre  and  oil  of  cara- 
way yielded  a  feparation  of  air  fo  very  confidera- 
ble, that  the  experiment  was  dangerous,  unlefi 
the  operator  had  the  precaution  to  employ  ex- 
ceedingly large  veffels,  and  to  make  his  trials 
with  only  very  fmalt  quantiues. 

These 
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Thise  experiment!  arc  i'oliowed  by  fomc  ac- 
counn  of  ilie  reparation  of  air  which  cakes  place 
in  combufiion,  in  fermentation,  in  putrefaftion, 
and  in  tome  diftilUiions;  and  the  author  has  H- 
nilhed  his  Treatife  with  the  following  reflexions, 
witich,  I  think,  ought  to  be  tranfcribed  at  large. 


-    **  All  ihefe  different  tncthodB,  which  refcm- 

*  bic  one  another  in  their  adting  by  means  of 
"  Brc:,  prove  that  elallic  air  enters  into  the  com-w 
^  polition  of  bodies,  as  a  conElituenr,  and,  eved 

*  very  confiderable  part.     If  any  one  ftill  doubl 

'*  he  muft  at  Icaft  acknowledge,  that  by  mean*! 
'•  of  fire,  3  matter  may  be  extraflcd  from  cvcrf"! 
'*  known  body,  which,  when  once  fcparatcd, 
■*  fluid  and  eUftic  -,  which  it  compreffible 
'*  weights  i  which  contrails  in  the  cold,  and  c 

*  latcs  either  by  heat,  or  by  the  diminution  \ 
'*  the  weight  with  which  it  is  prefled  :  but  v 
'  what  we  call  eUftic  air  it  feparated  from  I 
'*  dies  with  which  it  has  been  mixed,  we  ore  o 
"  acquainted  with  any  other  propenies  of  it  thi 

*  the  above.      It  mull  then  be  acknowtedgi 

*  that  Rre  feptrates,  from  all  bodies,   an  elaffi 

*  vapour,   and,    confequetitly,   that   tbb  afrti 
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"  matter  refides  in  bodies,  but  in  Tuch  a  manner 
**  as  not  to  produce  the  cHcda  of  air,  as  k>ng  as 
.**  it  is  combined  and  united  with  them ;  but 
**  that  whenever  it  is  detached,  and  joins  ilfdf 
^*  with  other  parts  fimilar  to  itfelf,  it  then  rr- 
'*  fumes  iu  former  nature,  and  continues  to  be 
"  air,  till,  divided  again  into  its  elements,  it  re- 
"  unites  with  other  parts  of  a  different  kind, 
"  where  it  may  remain  quiet  for  fome  time,  and 
"  form  one  and  the  fame  mat  without,  however, 
"  lofing  any  of  its  former  nature;  for  it  fliews  it- 
"  fcif  always  the  fjme,  whenever  it  is  freed  from 
"  the  bonds  which  retain  it,  and  is  joined  with 
"  other  aerial  panicles  of  the  fame  nature.  It  is, 
"  then,  unchangeable  in  all  thefe  different  circum- 
"  ftances  i  difengaged  from  a  body,  it  becomes 
"  true  air,  as  before  its  union,  and  difpoftd  to 
"join  with  other  matter,  fo  as  to  form  a  new  body, 
"  fuch  as  it  had  juft  quitted.  No  art  dcmon- 
**  ftrates  this  refolution  and  compofition  more 
"  clearly  than  chemiftry  ;  and  I  fhould  have 
**  given  fcveral  examples  of  ir,  had  I  not  lately 
"  read  the  celebrated  Dr.  Hales's  excellent  trea- 
"  tife  on  vegetable  ftatlcks  -,  in  the  fixth  chapief 
I  *«6f  ihat  book,  the  author  Iws  collected  with 
V""  "much 
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^  much  labour  and  juftnds,  and  has  related  in 
^  die  beft  poflible  order,  the  experiments  which 
^  have  been  made  on  this  fubjed,  and  he  has 
^  ezhaufted  the  matter.  To  thefc  I  refer  my 
^  readers,  they  will  there  fee  how  art  has  arrired 
-^  at  the  power  of  unveiling  nature/' 


CHAPTER    V. 

The   opinion    of    M.    STALH,    on    the 
FIXATION  OP  AIR  in  bodies. 

ALTHOUGH  fome  of  M.  Stalh's  wri- 
tings  are  pofterior  to  the  publication  of 
Dr.  Hales's  experiments,  he  does  not  appear  to 
have  adopted  any  part  of  his  fyftem  of  the  fix- 
ation of  air  in  bodies.  There  is  not  even  any 
appearance,  of  his  having  been  acquainted  with 
the  Doctor's  experiments.  At  leaft  we  find  the 
following  paiTage,  written  in  the  year  1731,  in 
his  work  endtled.  Experimental  obfervatmes  et 
Mimadver^fioneSf  §.  479.  [^^  Elafiica  ilia  expanfio 

^^  aeri^ 


'  M*;!., 
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aetij  fta  per  egentlam  propria  efi^  at  nnqtiam 
advtre  denfam  a^^rtgationem  nee  ipfe  infr,  nee 
in  MiHs  mixtionibm  toiViffe  fentiri  poffit." 


CHAPTER     VI. 

M.  VEKEL's  EXPERIMENTS  on  the 
WATERS  iMPROPCRLv  CAtLED  ACIDU- 
LOUS,  AND  ON  THE  ELASTIC  FLUID 

COHTAINKD  IW  TREK. 

THUS  the  impreflion  which  Dr.  Kales'* 
Treatife  had  made  upon  the  learned  at 
the  rime  of  its  publication,  did  not  produce  in 
the  theory  of  Phyfics  and  Chemiftry,  the  imme- 
diate reformation  which  it  was  reafonabic  to  ex- 
pea.  His  experiments  formed,  as  it  were,  only 
the  conne^ing  (tones,  which  it  was  necefTary  to 
join  to  the  edifice  of  phyfical  knowledge. 

M.  VtsEL,  the  prcfcnt  Profeflbr  of  Chemiftry 
in  the  Univcrljiy  of  Montpellier,  laid  the  firit 
foundation  of  this  cnterprife   in  two  Memoirs 
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read  in   1750,    before  tlie  Royil  Academy  of 
,  Sciences  j  they  may  be  found  in  the  fccond  vo- 
lume of  Memoirts  prcfentit  par  Its  Sfavans  etrait- 
gtrs.     Tlic  intention   of  thcfe  Memoirs  is  to 
prove,  contrary  to  the  opinions  of  the  ancients, 
ttnd  Eo  thofe  of  HofFman  and  Slarre,  that  the 
Seltzef  waters,  and  mod  of  thofe  which  we  have 
been  accuftomed  to  denominate  acidulous,  arc 
neither  acid  nor  alkaline  i  that  they  owe  their 
fharp,  brifk  and  penetrating  tafte,  and  the  bub-  ■ 
b)es  which  mount  to  their  furface,  and  which  I 
imitate  the  appearance  of  champagne,  of  bec^  I 
or  of  cyder,  to  a  confiderable  quantity  of  elaftiC  j 
fluid  or  air  combined  with  thefe  waters  in  a  (Utt  J 
of  difTolution  ;  M.  Vencl  proceeded  fo  far  as  ttt-l 
be  able  to  fcparate  this  air  by  fimple  agitatioiw  a 
to  receive  it  in  a  moiflened  bladder,  aiid  <o  mea«-f 
fure  the  quantity.     Whatever  means  he  mat 
ufc  of  to  obtain  the  fame  end  —  whether  he  cio-J 
ployed  the  air-pump,  beat,  or  Dr.  Hales's  a[| 
paratus,  the  refulc  was  conltantJy  the  fame, 
,  he  uniformly  obfcrvcd  that  Seltzer  water  1 
\  ained  about  a  fifth  of  its  bulk  of  fixed  air. 


V/aEN  the  Seltzer  water  has  been  deprived  oE 
the 


% 
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the  air  which  i;  coouincd  in  a  (late  ofdinbluuon, 
wbccher  by  agiucion,  heac,  or  any  other  means, 
ic  no  longer  polTeirei  the  jiroperties  which  confti- 
(uted  it  acidulous  1  inllead  of  the  pungent  taftc 
which  it  before  iniprcflcd,  ic  becomes  flat,  and 
ceifes  to  Iparktc}  in  Hiort,  it  returns  toth^ftatc 
of  common  water,  only,  as  M.  Venel  obferves, 
it  contains  a  fmall  quantity  of  fca-falc. 

M.  Venel  ihoug\it  proper  to  purfuc  his  re- 
learcheE  flitl  further,  and  having  proved  that 
the  Seltzer  water  owed  its  properties  to  the  air 
which  it  coDtaincd,  he  endeavoured  to  combine 
air  with  water,  and  to  form  anew  an  aiiriat  water 
fimilar  to  that  of  Seltzer.  The  following  arc 
nearly  the  reflexions  by  which  he  was  guided  in 
hia  experiments. 

Air,  fiys  he,  is  foluble  in  water  •;  this  is 

detnonltrated  by  the  example  of  bnfk  wines  and 

Sdtzcr  water '»  but  the  panicles  of  this  air  are 

D  2  to 

*  ICVitfu.  ku  ihtijs  Aippofcd  Ihc  ebftic  Said  con- 
Mined  ID  mjacral  Wttat  to  be  commAn  atinofplieric  air ; 
ic  will  appear  in  the  fequci  h/Ow  fu  ibii  oploioa  it  to  b« 
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to  be  cofnfidcred  as  haring  a  ftronger  aflrnity 
with  each  other,  than  with  the  fluid  employed 
to  diflblve  them ;  from  whence  it  follows  that 
riie  iblvent  cannot^  of  itfelf,  have  fiifficient  force 
€0  deftroy  the  aggregation  of  the  air ;  and  that 
a  previous  condition  to  its  diflfolution  is  the 
breaking  of  this  aggregation. 

No  method  appeared  to  M^Vcncl  more  likely 
to  produce  this  efiedt,  than  to  decompde  falts 
HI  the  water  intended  to  diflblve  them,  ^hus 
he  might  excite  an  cfFervcfccnce,  and  confe- 
quently  let  loofe  a  large  quantity  of  air ;  and  this 
air  being  in  a  ftate  of  abfolute  divifion,  it  would 
therefore  be  under  circumftances  the  moft  fa- 
vourable to  its  diflfolution. 

M.  Venel  was  ftill  further  confirmed  in  this^ 
opinion,  by  the  following  nxxle  of  reafoning. 
EBTervefcence  is,  according  to  him,  nothing  elfe 
than  a  true  precipitation  of  air:  Two  bodies, 
^hen  uniting,  produce  an  effervefcence  from  this 
caufe  only,  that  they  have  a  greater  afiinity  with 
each  other,  than  the  one  or  both  of  them  have 
with  the  air  to  which  they  were  united  ^  but  it 

is 
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is  weU  known  th&c  in  many  chemical  pcecipita- 
tionsy  if  th?  operation  be  made  in  much  water 
iUxd  the  precipitate  be  foluble  in  t^at  flui(}»  it 
will  be  rediflblved  as  fsSk  as  it  is  precipitated : 
The  £ime  thing  £hpuld  happen  to  air  iinder  fir 
liSjUar  circumflaaces. 

Aftjsr  all  thcfe  reflexions  M.  Vencl  diflblved 
jlo  9  p.u:>t  of  water  two  drachms  of  foflile  alkali, 
jto  which  he  added  aQ.  equal  quantity  of  o^arine 
acid ;  being  pxeyioufly  aflured  of  the  following 
fads:  I  ft.  that  this  was  preciiely  the  proportion 
nqceilary  to  a  perfed  faturation :  2dly,  th^  it 
wajs  alfo  the  fame  which  he  had  ob&i'ved  in  the 
Seltzer  water^    He  had  the  precaution  to  make 
life  of  a  veffel  with  a  narrow  neck,  and  to  pre* 
yent  the  efcape  of  the  air,  by  difpofing  the  in* 
gredients  in  fuch  ^  manner,  xhat  tifey  could  nqt 
communkate  with  each  other  till  after  the  bot- 
tle wa^  corked^    By  this  method  be  was  able  to 
compofe  a  water,  not  only  analogous  to  that  ol^ 
Seltzer,  but  much  more  ftrongly  impregnated 
with  air.    We  have  already  feen  that  the  Seltzer 
water  docs  not  contain  more  than  2l  fourth  ox  fifths 
whereas  M,  Vcnel  could  introduce  into  his  fafti* 
tious  water  nearly  half  its  bulk  of  air* 

D  3  Th£s« 
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These  '  experiments  of  M.  Vcnel,  however, 
were  infofRcienc  to  explain  a  fingular  phenome- 
non which  Teemed  contradidory  to  his  opinion  : 
M.  Hoffman  had  obferved  that  the  waters  of 
Troplitz  and  Piperine  m  Germany,  as  well  as 
many  others  which  are  fpirituous  or  acidulous, 
do  not  contain  any  portion  of  faline  matter :  it 
was  therefore  evident  that  thefe  waters  do  not 
acquire  their  air  by  the  method  employed  by 
M.  Vend ;  and  it  plainly  follows  that  in  fuch 
cafe,  bis  procefs  is  not  that  of  nature. 

The  explanation  of  this  phenomeiipn  was  re- 
ferved  for  MelTrs.  Cavendifh  and  Prieftley  ^  but 
previous  to  my  recital  of  their  experiments, 
which  are  ipuch  more  modern,  the  order  of  fads 
obliges  me  to  give  an  account  of  thofe  made  by 
Dr.  Black,  Profeflbr  in  the  Univcrfity  of  Glaf- 
gow.  This  author  may  be  truly  regarded  as  the 
perfon  who  firft  introduced  Fixed  Air  into  Che- 
miftry. 


CHAP. 


«k-  ■ 
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CHAPTER    Vn. 

JDr.  BLACK'S  THEORY  concsrnihg  the 
FIXED  OR  FIXABLE  AIR  contained  in 
CALCAKEOUS  EARTHS,  and  the 
PHENOMENA  produced  in  them  '  bv 
depriving  them  of  this  air. 

MAGNESIA,  calcareous  earth,  and  all  the 
earths  m  general  which  are  reduced  to 
•quick-lttnc  by  calcination,  confiftonly,  according 
to  Dr.  Black,  of  a  combination  of  a  large  quan- 
tity of  fixed  air  with  an  alkaline  earth,  naturally 
ibluble  in  water.  By  the  itvm  fixed  air  Dr.  Black 
means  a  fpecies  of  air  diiTcrent  from  common 
'elaftic  air,  difperfed  nevertheiefs  in  the  atmo- 
sphere. He  informs  the  reader,  that  it  may  ap- 
pear wrong  to  majce  ufe  of  that  name,  but  he 
rather  chofe  to  retain  a  word  already  known  in 
natural  phik^fophy,  than  to  invent  a  new  one, 
firl^ile  we  were  imperfectly  acquainted  with  the 

D  4  natui^ 
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nature  and  properties  of  the  fubftance  fo  deno- 
minated. 

Fixed  air,  according  to  Dr.  Black's  experi- 
ments, may  be  feparated,  in  two  different  ways, 
from  calcareous  earth  j  either  by  fire,  or  by  dif- 
%kition  in  acids.  The  calcareous  earth,  in  the 
firft  cafe,  viz.  by  calcination,  lofes  more  than 
•half  it^  weight — The  remainder  is  an  earth,  ab- 
solutely deprived  of  air,  and  which,  confequently, 
no  longer  effervefces  with  acids.  Lim^  (which 
is  the  name  we  ufually  give  to  calcareous  earth 
in  this  (late)  owes  its  caufticity,  according  to 
Dr.  Black,  to  the  great  a^inity  which  it  has 
with  the  air  of  which  it  has  been  deprived  by 
calcination )  thus,  as  foon  as  it  is  applied  to  any 
dtiimal  or,  v^table  fubftance,  it  attradls  eagerly 
the  air  contained  m  it,  effe&s  a  decompofition ; 
and  it  is  this  decompofition  or  kind  of  deftruftion 
which  is  improperly  denominated  burning  or 
cauterifing. 

This  property,  which  is  poflefied  by  lime,  of 
attrading  the  air  from  other  bodies,  furnifhes  us 
with  the  means  of  communicating  caufticity  to 

fixed 


^ 

i 

I 

& 

I 


ELASTIC  VAPOURS.  41 

£xed  and  volatile  alkaline  Talis.  If  to  a  folutioa 
of  fixed  alkali,  be  added  a  certain  quantity  of 
lime,  (E  attr&fb  to  itfdf  the  whole  of  tbe  air 
contained  in  the  alkali  v  at  the  fame  time  it  lofes 
ftU  the  conftituenc  properties  of  lime  ;  it  becomes 
^pable  of  cfTcrvefting  with  acids,  and  infoluble 
fR  wster;  in  Ihort,  it  returns  to  the  flatc  of 
«ommoa  ca1c«reous  eartlt :  on  the  other  hand, 
.the  6xed  alkali  whkh  has  been  deprived  of  ics 
air,  no  longer  ft-rnnents  with  ackls,  is  incapable 
of  being  cryftallized,  becomes  cauftic,  and  when 
dried  by  fire,  and  reduced  to  a  concrete  form, 
it  w  calkd  the^nger  cenmoa  caufiic. 

The  fame  thing  happens  to  the  voUtilc  alkalL 
If  we  didill  fat  ammoniac  with  chalk,  we  obtain 
i  volatile  alkali  in  a  folkl  form,  which  effcrvcfces 
with  acids;  but  if  inite^d  of  chalk,  we  employ 
a  calcareous  earth  deprived  of  its  air,  othcrwilc 
called  lime,  the  volatile  alkali,  as  fall  as  it  is 
feparatcd,  i*  robbed  of  its  air  by  the  lime,  and 
pafTiog  into  tJie  receiver  in  a  Auid  form,  is  a 
cauftic  volatile  alkali  which  neither  cfTervefces 
with  acids,  nor  can  be  formed  into  cry(Uls.  Ic 
ippears  from  Dr.  Blxk's  expcrimeots,  that  the 
aitacV 
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I  fttachmcnt  of  fixed  air  is  not  equal  to  all  bodicsj  ^ 
'  but  tliac  it  has  a  greater  affinity  with  calcareous  i 

earth    than    with  fixed  alkali,    with  fixed  than 

with  volatile  alkali,  &c. 


Another  method  of  detaching,  from  calca- 
r  feous  earth,  the  air  with  which  it  is  combined* 
,is  by  the  addition  of  acids.     If  we  difiblve  lime* 
ftonc  or  chalk  in  any  acid,  a  brjfk  effcrvefcenc^  J 
I  br  which  is  the  fame  thing,  a  confiderable  fep^ 
I  ration  of  fixed  air,  enfues;  the  earth,  which  hai 
«  greater  affinity  with  the  acid  than  with  the  airpl 
abandons  the  latter,  which,  recovering  its  elafti^  ^ 
city,  immediately  efcapes,  and  is  diffipated  andj 
jnixed  with  the  common  air  of  the  atmofphei 
j  'if,   afterwards,    we  pccclpiiate  the   earth  froi^ 
I  ^is  Ibtution,  wc  may  obtain  il,  as  we  plealeJ 
l.<pither  in  the  form  of  chalk  or  of  lime ;  of  cha] 
if  we  employ  a  common  alkali  for  the  precipiu 
L  jtion,  but  of  lime  if  it  be  eSefled  by  means  of  i 
V'^fauflic   alkali,    or    alkali    deprived  of  its   aflu 
L    What  is   here  particularly  to  be  remarked  iu 
4that,  as  Dr.  Black  informs  us,  the  lime-ftoi 
'Jofes  nearly  the  fame  weight  in  this  procels  as  I: 
^aloDation  i    and   that  it  rrcovcr«  its   for 
veigl 
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weight  when  it  has  been  precipitated  in  the  fixm 
of  a  calcareous  earth,  that  is  to  fay,  with  all  iu 


Dr.  Black  explains  on  the  fame  principle, 
wh]r  time  is  not  totally  foluble  in  water;  why 
the  part  which  is  difTolvcd  is  fo  eaGly  converted 
into  a  pellicle,  infoluble  in  water,  and  known  by 
the  name  of  Cream  of  Lime.  Calcareous  earths, 
according  to  his  opinion,  have  a  ftronger  affinity 
irith  air,  than  they  have  with  water;  confequcnt- 
\y,  on  adding  lime  to  water,  one  part  of  the 
Umc  will  atiraft  from  the  water  the  fixed  air  con- 
tained by  the  latter,  and  be  precipitated  as  a 
calcareous  cardi  ■,  but,  at  the  fame  time,  ano- 
ther portion  of  the  lime,  not  finding  a  fuflicient 
qtiantiiy  of  fixed  air  to  facurate  it,  will  be  dif- 
folved  in  the  water,  and  form  lime-water  •,  if 
we  then  expofc  this  water  to  the  air,  prefently 
the  particles  of  lime  neareft  to  the  furface  aitraift 
the  fixed  air  floating  in  the  atmofphere;  they 
again  become  infoluble,  and  colle£ling  together 
on  the  furface,  form  an  infoluble  pellicle,  which 
no  longer  retains  the  properties  of  lime,  nor  dif- 
fers from  calcareous  earth.  A  proof  of  the  truth 
Pf 
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fi£  this  theory  is,  thac  the  reduiftion  of  the  lira 
I  into  a  calcareous  earth  may  be  prevented,   byl 
keeping  the  lime-water  in  bottles  well  ftoppeiJ 
fo  as  to  prevent  any  conta£b  with  the  circumanal 
bicDC  air. 

ri  Dr.  Black,  has  alfo  obfcrvcd,  thai  Magncli^,  j 
l^e  bads  of  Epfom  fait,  has  the  property  Ojf  1 
,  Sweetening  lime-water  -,  and,  therefore,  that  Gl^a 
t  cd  air  has  a  (tronger  afHnity  with  calcareous  cartel 
I ..^t  with  the  bafis  of  Epfom  falc.  Laftly,  froia-f 
\-^l  thefe  experiments,  pr.  Black  coocludet,  th^ 
ijHC  may  make  the  following  alterations  in  tbpl 
[  jcolumn  of  acids,  in  Mr.  Geoffroy's  Table  of  1 
l.Afitnitic$i  and  that  we  may  alfo  add  a  neif  J 
■^Column,  conCidcring  aJkaline  fubllances  in  theif  J 
I'jpatural  (late,  and  deprived  of  their  5xed  air,  af  | 
follows : 


ACIDS. 

Fixed  Alkali. 

Calcareous  Earth. 
.  Volatile  AlkaU. 


FIXED  AIH. 

Calcareous  Earth. 
Fixed  Alkali. 
Magnefia. 
VoUtJle  AlkaTi. 

ThcJ 
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The  limits  of  an  abftrafl:  do  not  permit  mc 
to  enter  here  into  a  ckt^il  of  the  great  number 
of  interefting  experiments  relative  to  the  diminu- 
tion of  weight,  which  alkalis  fuffer  after  they 
have  been  diflblved  in  acids  •,  to  the  manner  of 
rendering  alkalis  cauftic  by  fh-e.  Sec. 

I  MUST  not  however  omit  to  add,  before  thia 
article  be  concluded,  that  Dr.  Black  fufpefted^ 
that  the  fixed  air  of  alkaline  falts  unites  itfelf  tb 
metals,  during  their  precipitatk>n  from  acids  ^ 
.and  that  to  this  cauie,  the  augmentatioil  of 
wei^t,  obfervable  in  thefe  precipitates,  arid  per- 
haps the  furprifing  effefts  of  the  pulvis  fulnil- 
nans,  may  be  attributed*. 

CHAP. 

*  It  is  thought  neceflary  to  acqaaxpt  the  reader,  that  the 
theory  of  fi^ced  air^  had  not  acqnired  the  perfbdUbii  dnd 
confidence  which  is  given  to  it  in  thii  article,  when  it 
cama  from  the  hands  of  Dn  Black.  It  did  not  arrive  td 
this  point  till  after  the  pttblication  of  M.  Jacquin's  work, 
of  which^we  ihali  fhortly  give  an  accodnf.  I  judged  it 
proper  to  make  this  remark  here,  not  with ''a  view  to  take 
in  the  leaft  from  the  fentimeQU  of  refpeft  add  admiration 

which 
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CHAPTER    VIII. 

On  the  elastic  FLUID  separated  from 
GUNPOWDER  J    BY  THE  COUNT  DE  I 

SALUCES. 

WHILE  Dr.  Black  was  publifhing 
England,  the  theory  of  which  we  haw 
juft  now  given  an  account,  the  Count  dc  Saluct 
employed  himfclf  at  Turin,  in  fomc  very  inte 
\  idling  inquiries  into  the  nature  of  the  elaftid 
fiuid  which  is  detached  from  gun-powder,  ducj 
ing  its  detonation.     He  has  diTcovcred,  that  th1| 


wbich  ue  dge  lo  the  deCat  and  genius  of  Dr.  Black,  tq  j 
whom,  withoul  cqutvocaiion  or  divtdoD,  the  merit  of  tllQ  J 
I  invention  belongs,  but  to  render  to  M.  J^uin  liu  julli 
'  Out  ii  <3uc  to  him,  and  to  avoid  a  rcmonilnnce  on  ) 
.  ftn,  which  would  have  been  vttll  founded.  Fonhcr,  \ 
I  Bull  fee  prelently,  that  M.  jaquin  hat  departed  from  cl 
I  opinion  of  Or.  BIndc,  To  far  ai  (o  fuppofc  the  fixed  ait 
be  the  fftiDc  with  thit  which  compofci  our  atoiofpliere. 


'-  "*- 


^^       fluid,  when  a 
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fluid,  when  at  liberty,  occupies  a  fpace  two  hun- 
dred tioies  greater  than  that  of  the  powder  fronj 
which  it  has  been  difengaged.  A  number  of  ex- 
periments convinced  him,  that  this  fluid  was, 
like  the  air  of  the  atmofphere,  elaftic  ■,  that,  tike 
the  Jatter,  jt  was  comprefllble  in  proportion  to 
the  weight  with  which  it  was  loaded  -,  but  that  it 
differed,  notwithftanding,  in  thefe  particulars, 
that  it  extinguifhcd  the  flame  of  a  candle,  and 
alTo  was  mortal  to  thofe  animals  who  breathed 
it.  He  attempted  to  filter  this  air,  through  tioen 
or  through  gaufe,  well  impregnated  with  a  folu- 
tion  of  fixed  alkali;  there  remained  in  the  filtre, 
a  finall  quantity  of  coaly  matter  of  fixed  alkali, 
and  fome  traces  of  vitriolated  tartar.  The  air, 
after  this  operation,  had  loft  all  its  noxious  pro- 
perties, and  did  not  fcem  to  differ  in  any  rel'pcft 
from  common  air. 

Another  method  which  the  Count  points  out 
10  rtftore  to  the  air,  fcparatcdfronj  gun-powder, 
all  the  properties  of  common  air,  is  to  keep  ic, 
for  twelve  hours  in  a  degree  of  cold,  equal  to 
tliat  in  which  water  freezes.  IHc  aflures  us,  that 
he  had  repeated  the  iarnc  experiment  on  air  de- 
tached 
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tached  by  the  cffervcfccnce  of  an  acid  wiih  an 
alkaline  fubdance,  and  with  die  fame  fuccds. 


Ikdepemdekt  of  thcfe  experiments,    which 
I  'lend  eflcntialljr  to  the  objeA  which  the  Count  de« 
Saluces  had  in  view,  his  mcnioirs  contain  (tm 
ral  others,  wliich  throw  light  on  the  theory  i 
the  combination  of  air  with  bodies.     He  obfen 
ed,  that  the  air  difcngagcd  from  efFervefcing  fubi 
flances,  for  the  mod  part,  extinguifhed  flamtfj 
that  what  was  fcparatcd  in  the  combination  I 
the  volatile  alkali  with  vinegar,  wast  an  cxct 
r  (ion  to  this  general  rule ;  that  the  nitrous  acid 
I  when  mixed,  in  vacuo,  with  a  fixed  alkali,  pre 
I  duced  no  air;    that  this  combination  remainql 
I  chiefly  deliquefcent»  as  long  3%  it  was  continued 
in  vacuo,   but  that  it  cryftallizcd  when  it  ha< 
been  cxpofcd  for  fomc  time  to  the  air.     This  cx-'fl 
periment,  joined  to  thole  of  Dr.  Black  on  thff 
cryftallization  of  fixed  alkali,  feems  to  give  oc- 
cafion  to  fufped,  that  the  combination  of  air  is 
neceffary  to  the  formation  of  falinc  cryftals. 


The  Count  de  Saluces  further  obfcrves.  that 
gun-powder  explodes,  in  air  however  infrdein 
whcthcpl 
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whether  k  be  by  the  burning  of  fulphur,  whethi 
candles  have  been  extinguifiied  in  it,  or  whethef^ 
it  have  been  difengaged  by  the  exploGon  of  ano- 
ther portion  of  the  fame  powder.  He  then  (hews 
that  the  phcenomena  of  the  pulvis  fulminans  a 
the  fame  with  ihofc  of  gun-powder  i  that  thej* 
are  occadoned  by  the  leparation  of  the  fame  e 
tic  fluid  i  but,  what  is  very  Angular,  is  that  the 
quantity  (^  that  fluid  which  is  detached  from  the 
pulvis  fulminans  is  lefs  than  what  is  difengaged 
from  gun-powder  i  from  whence  the  Count  con- 
cludes chat  the  eSe^s  are  lefs  in  proportion  t 
the  quantity   of  air  feparated,  than  to  the  re 
pidity,   and  if  I  may  be  allowed  the  exprelfion" 
the  inftantaneiety  of  the  fcparation.     I  take  no 
notice  here  of  an  infinite  number  of  intercHing 
fafts  with  which  the  Count's  memoir  is  rcplct^  " 
bccaufe  they  are  rather  foreign  to  my  fubjeftt* 
I  Ihall  only  add,  before  I  finilh  this  article, 
[he  Count  de  Saluces  only  admits  of  nnc  fpecies 
of  air,   in  which  opinion   he  differs  cfientially 
from  that  of  Dr.  Black. 


50    HISTQRICAL  ApCQUNT  OF 


CHAPTER     IX. 

Dr.  MACBRIDE's  APPLICATION  of  Dr. 
BLACK'S  DOCTRINE  of  FIXED  AIR  to 
THE  EXPLANATION  of  the  principal 
PHENOMENA  of  the  ANIMAL  OEOO- 
NOMY. 

HITHERTO  the  exifteftce  of  fixed  air, 
and  its  combination  with  bodies  was  but 
a  phyfical  opinion,  founded  on  particular  cxpc-* 
rimcnts;  but  no  phyfiologift,  fincc  Van  Hel- 
mont,  had  adopted  it.  M.  Haller  was  the  firft 
who,  from  Dr.  Hales's  experiments,  has  in- 
ftrudkd  us,  that  the  air  was  the  real  cement  of 
bodies,  that  this  was  the  principle  which  fixing 
iticlf  in  the  folids  and  fluids  ferved  as  a  bond  to 
the  elementary  parts,  and  united  them  to  each 
other. 

Videtur  aer  vinculum  ekmentorum  primariam 
conftitucre^  cum  ncn  prius  ea  element  a  a  fe  invicem 

dificdant 
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Hfcidant  quam  der  expulfus  fuerit.    HaUer,  Ek- 
ikenia  Piri/iologUy  Tit.  i.  Cap.  i. 

Gluten  prajlat  ^erum  molecutis  terreis  adunandis^ 
ut  conjiat  exemplo  calcuJorum  Japidum^  aUorum  cor- 
pctum  durorum ;  in  bis  omnibus  folvitur  tunc  de- 
ntu)n  part  turn  vinculum  quatidd  aer  educiiur.  Ibid. 
Seel.  244. 

A  v£RY  numerous  and  accurate  feries  of  cx- 
perirtients  appeared  in  1764  in  fupport  of  this 
doftrifie.  Dr.  Macbfide  of  Dublin,  the  author 
of  the  eflays  which  contain  them,  pollcfles  foo 
diftinguifhed  a  rank  among  the  writers  on  this 
fubjedt,  for  us  to  omit  entering  into  a  detail  of 
the  important  fafls  in  natural  philofophy  and 
phyfiology,  the  difcovery  of  which  we  owe  to 
him. 

It  is  demonftrated  by  Dr.  Macbri'dc's  experi- 
ments, that  fixed  air  is  feparated^  not  only  from 
effervefcing  fubilances  and  from  vegetable  mat- 
ter during  fermentation,  but  alfo  from  all  ani- 
mal fubftanccs  as  foon  as  they  begin  to  putrefy  ; 
and  to  prove  the  very  great  facility  with  which 

-    E  2  this 
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this  air  is  capable  of  uniting  itfelf,  either  with 
lime  or  with  the  fixed  or  volatile  alkalis  -,  he 
made  ufe  of  what  is  now  called  Dr.  Macbride's 
apparatus,  though  the  original  idea  is  due  to 
Dr.  Black.  We  (hall  endeavour  to  dcfcribe  the 
manner  in  which  he  operated.  He  placed  fuc- 
cedtvely  in  a  bottle,  faline  fubllances  in  the  a& 
of  effervelcence,  vegetable  fub^ances  in  fermen- 
tation, and  laHly,  animal  fubdanccs  which  had 
begun  to  putrefy  ;  he  obliged  the  air  which  was 
fcparatcd  from  them  to  pafs  through  a  bended 
tube,  into  a  bottle  or  flafk  which  fucccffively 
contained  lime  water,  and  the  fixed  and  volatile 
alkalis  in  a  caullic  (late.  As  foon  as  the  fixed 
air,  detached  from  thefc  dltTcrcnt  bodies,  came 
into  coniad  with  the  furfacc  of  the  lime  water, 
it  became  turbid,  and  foon  after  the  earth  gra- 
dually fublided  in  the  form  of  calcareous  earth, 
viz.  pofTcfTcd  of  all  its  air  and  without  any  figns 
of  cauOicity.  So  likewife  the  fixed  and  the  vo- 
latile  caudic  alkalis,  in  proportion  as  they  be- 
came combined  with  the  fixed  air,  recovered 
their  property  of  cffcrvefcing  with  acids  i  and  as 
foon  as  they  were  in  a  fufHciently  concentrated 
flaic,  rcafliimcd  their  iblid  form  and  cryfUllized 
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in  the  bottle.  This  experiment  (hews  us,  that 
if  the  fixed  vegetable  alkali  has  not  the  property 
of  cryftallizing,  it  is  bccaufc,  being  prepared  hy 
a  ftrong  fire,  we  generally  procure  it  deprived 
of  fome  part  of  the  air  which  it  naturally  pof- 
fcfles.  If  therefore  we  reftore  to  it  this  quantity 
of  air,  it  at  the  fame  time  recovers  its  property 
of  cryftallizing.  We  find  the  firfi:  traces  of  this 
laft  difcovcry  in  Dr.  Black's  Memoirs. 

The  diflrrent  experiments  made  by  Dr. 
Macbride  on  the  great  quantity  of  fixed  air 
which  is  feparated  from  animal  fubdances  du- 
ring their  putrefaftion,  led  him  to  conclude,  that 
on  the  prefenceof  this  elaftic  fluid  or  fixed  air  in 
flcfii  depend  its  firmnefs,  its  cohefion  and  ftate 
of  foundnefsj  that  in  proportion  as  the  fixed  air 
is  (eparated  from  it  by  the  fermentation,  its  tex- 
ture is  deftroyed,  its  conftituent  parts  become 
difunltcd,  and  leparate  to  reunite  in  a  diHcr- 
ent  manner,  and  to  form  new  combinations  ve- 
ry different  from  the  former. 


It  is  cafily  perceived  that  this  doftrine  is  near- 

ly  the  fame  as  that  which  had  been  taught  by 

E3  Vao 
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Van  Helmont ;  but  one  important .  difcovery, 
fuppofing  the  fadt  to  be  iufEciently  proved,  *  be- 
longs wholly  to  Dr.  Macbride,  viz,  th^t  flefb 
which  is  half  putrid  and  has  lofl:  a  portion  of  th^ 
fixed  air  which  entered  into  its  conipqiitian^ 
may  recover  its  former  fweetnefs,  hy  reftoring 
to  it  the  fixed  air  of  which  it  had  been  deprived; 
to  produce  this  efFedk,  it  will  be  fufficient  to  cxt 
pofe  it  to  the  vapours  of  any  fermenting  matter,  of 
rather  to  a  current  of  fixed  air  from  an  effcr- 
vefcing  mixture;  in  ihort,  to  introduce  the 
fixed  air  by  any  means  whatfoever. 

Dr.  Macbride  applies  thefe  different  difco* 
veries  to  explain  the  phenomena  of  the  theory 
of  digeftion ;  he  ihews  that  all  the  alimentary 
niixtures  which  wc  commonly  ufc,  are  fgiccpti- 
ble  of  fermenting  in  a  (bore  time,  thax  animal 
and  vegetable  fubftances  when  mixed,  have  ^ 
greater  aptitude  to  ferment,  than  either  of  thefe 
fubftances  poflcfs  feparately  -,.  and  that  from  all 
the  alimentary  mixtures,  on  which  he  has  mad^ 
a  numerous  train  of  experiments,  he  always  fe- 
parated  a  confiderable  quantity  of  fixed  air. 

*  Vide  Henry's  ExperinieDttand  Obfenrationsi  page  1 14 
it  feq. 
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Dr.  Macbridc  fuppofes  that  the  fame  feparation 
muft  take  place  in  the  ftomach  of  an  animal ; 
but  what  becomes  of  this  fixed  air  ?  He  ima- 
gines that  it  is  either  abforbed  and  combined 
with  the  chyle,  and  pafles,  in  that  ftate,  into 
the  circulation  of  the  blood,  or  rather  that  it  is 
abforbed  in  the  inteftinal  canal,  by  particular 
veffels,  adapted  to  this  kind  of  fecretion  :  in  ei- 
ther cafe  the  air  is  carried  oflF  cither  by  perfpira- 
tion  or  urine.  This  theory  leads  Dr.  Macbridc 
to  engage  in  a  long  train  of  experiments  on  the 
greater  or  Icfs  quantity  of  fixed  air,  contained 
in  the  different  animal  fecretions.  Lime  water  ap- 
peared to  him  to  be  the  proper  tcfl  in  this  inqui- 
ry, for  as  lime  has  a  great  affinity  with  fixed  air, 
whenever  any  liquor  containing  that  air  is  mixed 
with  it,  it  greedily  abforbs  it,  faturates  itfclf  with 
itj  and  now  no  longer  foluble,  it  is  precipitated 
and  fubfides  in  the  form  of  a  calcareouis  earth. 
By  this  mode  of  trial.  Dr.  Macbridc  difcovered 
that  blood,  newly  drawn,  contained  a  great 
quantity  of  fixed  air  -,  purfuing  his  experiments 
ftill  futher  he  difcovered  that  this  air  rcfided  in 
tlie  red  part  of  the  blood  while  the  ferum  was 
free  from  it.  By  experiments  of  a  fimilar  kind^ 
he  alfo  was  informed  that  the  fwcat  and  urine 

£  4  contained 
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concained  much  6xed  air*  whereas  on  the  contra- 
ry the  bile  ami  efpecially  the  faliva,  To  far  from 
containing  it,  bad  a  tendency  to  abforb  it. 

It  would  be  too  tedious,  here  to  relate  c 
feveral  experiments  made  by  Dr.   Macbride  i 
the  fermentation  of  alimentary  mixtures,  and  i 
the  means  of  accelerating  or  retarding  fermcn-' 
tation.     Let  it  fufficc  to  fay  that  they  led  the 
author  to  the  molt  important  re6c£tions  on  pu- 
trid difcafrs,  and  the  fea-fcurvy,  which  accord- 
ing to  Dr.   Macbride's  theory  of  putrefaflion, 
owe  their  origin  to  the  privation  of  that  cer- 
tain quantity  of  air  which  i$  ncceflary  to  a  ftatc 
of  falubrity.     It  is  alfo  obfcrvable  that  the  diet* 
which  is  mofl  unfuiiabic  in  thefe  difeafes,  is  thi 
compofcd  of  animal  food,  which,  by  Dr.  Mai 
bride's  account,  yields  much  Icfs  air  by  fcrmcf 
lation  than  vegetables  ■,  the  method  of  cure  i 
the  contrary  confifts  in  tiic  ufe  of  a  vegetahl 
diet,  and  of  all  thole  fubflances  which  are  ca{M 
blc  of  furnifhing  an  abundance  of  Bxed  air. 
thefc  principles  Dr.   Macbride  recommends  i 
ufe  of  malt  as  a  cure  for  the  fea-fcurvy  i 
fubftancc  furntflies  a  decodion  very  proper  i 
fcrmcntatioi) 
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limnentatioti  and  which  fupplies  a  lar^r  quan- 
pxy  of  fixed  air  than  any  other  vegetable  body. 
With  the  fame  view  he  prefcribes  fugar  and 
water,  and  other  fimilar  liquors. 

The  antifeptic  quality  which  is  fo  univerfally 
known  to  belong  to  acids.  Dr.  Macbride  attri- 
butes folely  to  the  particular  property  which  they 
have  of  uniting  with  the  alkaline  particles  of  the 
putrefying  fubftance,  and  thereby  neutralizing 
them;  but  as  a  remedy,  he  esteems  them  to  be  ra- 
ther palliative  than  curative,  becaufe  they  do  not 
like  fixed  air,  reftore  the  part  to  its  natpral 
ftate. 

Independent  of  the  experiments  already  re- 
cited, which  are  effentially  conneded  with  Dr. 
Macbride's  theory,  his  Treatife  contains  many 
others  of  which  the  follpwing  are  the  principal : 

ift.  The  feparatbn  of  fixed  air  from  fermen- 
tative mixtures  is  accelerated  in  Boyle's  vacuum. 

2dly.  Calcareous  earths  have  the  property 
pf  haftening  putrefa<flion. 

3dly.  Lime 
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jdly.  Lime  produces  a  very  particular  cflfeft 
on  animal  fubftances.  It  dccompofes  them  by 
abforbtng  the  fixed  air  which  they  contain,  and 
thereby  produces  an  cffcd,  in  fome  meafurc, 
anologous  to  that  of  putrefaflion. 

4thly.  The  union  of  oil  and  fixed  alkali  takes 
place  according  as  the  latter  is  deprived  of  W  . 
air.    If  the  vapours,  arifing  from  an  effervrfil 
cing  or  a  fermentative  mixture,   be  fufFercd  to" 
pafs  into  a  folution  of  foap,    the  fixed  air  whidi 
is  fcparaied,  combines  itfelf  gradually  with  the 
iixed  alkali  of  the  foap,  and  the  oil  being  fet  itl 
liberty,  fwims  on  the  furface. 

5th1y.  Ardekt  rediGed  fpiiits  abforb  fix* 
air  when  expofed  to  it. 

Thx  Doftor  has  atfo  proved  that  the  vote/l 
tile  alkali,  which  is  difcharged  from  animal  fub< 
Ilances,  in  the  progrcfs  of  putrefaiftion,  is  fom 
times  in  its  natural  (late  or  faturated  with  airv 
ibmctimes,  on  the  contrary,  wholly  diverted  of 
its  air,  and  in  a  cauHic  ftate.  For  example. 
he  difcovcrcd  by  a  feries  of  experiments,  that 
putrcBi 
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putrefi^  blocxJt  49  weU  as  the  fpiric  drawn  from 
i(t  flSbrwfccd  ^ith  acids ;  whereas  bile,  though 
^Dally  putrid,  and  alfo  the  liquor  which  runs 
from  putrefied  6ir(h,  did  not  produce  any  effer- 
▼efccnce  -,  neither  did  the  fpirit  diftilled  fronl 
them  differ,  in  this  rcfpeft,  from  the  liquors 
tbemfelves. 

From  all  thefe  experiments.   Dr.  Macbride 
concludes  that  fixed  air  is  an  elaftic  fluid,  very 
different  from  atmofpheric  air  ;  that  the  former 
may  be  introduced  without  danger  into  the  in- 
teftinat  canal,  as  well  as  into  other  parts  of  the 
animal  economy,  without  occaQoning  any  dif- 
order ;  whereas  atmofpheric  air  under  the  fame 
circumftances,  would  be  fatal  in  its  effefts  :  but. 
yet,  on  the  contrary,  it  is  impoflible  for  animals 
to  live  without  refpiring  continually  the  fluid 
which  forms  our  atmofphere,  whereas  fixed  air 
infpired  into  the  lungs,  is  a  fubtle  poifon  occa- 
fioning  immediate  death:  That  fixed  air  very 
eafily  unites  with  lime  or  with  alkaline  falts^ 
whereas  we  cannot,  'by  the  fame  methods,  com- 
bine  them    with  the  air  of  our  atmolphere. 
Laftly,  he  adds*,  that  fixed  air  is  found  to  be 

difperfed 
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^H               difperfed    in  our   atmofphere,    fince   lime   anl^^H 
^m              cauflic  alkalis,  in  time,  lofe  iheir  difl;ingut(hing^^| 
H              properties,  and  acquire  that  of  effervcfcing  wid^^^ 
^M              acids.     Thefe  conclufions  are  nearly  tbe  fame  4^^| 
^^^^     thofe  of  Van  Helmont.                                     ^^H 

^^B                   CHAPTER                      ^H 

^f             EXPERIMENTS  made  by  the  honourabl^^^H 
^M                  Mr.  cavendish  on  the  combinatio^^H 

^P                           OF    FIXED    AJR      WITH     DIFFERENT     SUS^^H 

^1              ^GON  after  ihe  publication  of  Dr.  Macbride's 
^H               (^  Treatife,  Mr.  Cavcndifli  comniunicaied  to 
^B              the  Royal  Society  of  London  fomc  new  cxperi- 
^M               ments  which  tended    equally    10   confirm  Dr.           , 
^^               Black's  doiflrine  i  they  are  to  be  found  in  ihe^^J 
H              Philofophical  TranfaOions  for  the  years  i764^H 
^^^^     and  1767.    Mr.  Cavendilh  has  proved  that  tliB^^H 
^^^^K    quantity  of  fixed  air  contained  in  6xed  alkali 
^^^^V    when  fully  faturated  with  air,  is  Hvc-twelfths  of 
^^^^     iu  w^ght,  and  fercn-cwelfths  in  volatile  alkalL^H 

i    i 
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which  great  quantity  of  air  »  fomecimes  the  caufe 
(rf*  the  brtCc  effervefcence  which  appears  in  a  cal- 
careous earth  after  it  has  been  dilTolved  in  the 
nitrous  acid  and  precipitated  by  an  alkali  thus 
faturated  with  air ;  for  in  fa£t,  as  the  precipitanc 
fumi/hes  more  air  than  the  precipicated  matter 
can  abforb,  there  is  necefTarily  a  portion  at  li- 
berty, which,  recovering  its  clafticity,  occafions 
the  efFervefcencc. 

Mr.  Cavemdish  farther  (hows  that  water  h 
capable  of  abforbing  a  volume  of  air  more  than 
equal  to  itfetf }  that  this  quantity  is  proportion- 
ably  greater  as  the  water  is  colder,  and  is  com- 
prelTcd  by  a  heavier  aimorphcrc;  that  water 
thus  impregnated  with  fixed  air  has  an  acidu- 
lous, fpiricuous,  and  nocdifagreeable  taftc-,  and 
laflly,  that  it  has  the  property  of  dilTolving  cal- 
careous earth  and  Magnefia.  It  follows,  as  a 
confequcnce  of  this  property  of  water  impreg- 
nated with  fixed  air,  that  if  after  precipitating 
the  lime  from  lime-water  by  throwing  fixed  air 
into  it,  ftiU  more  of  the  fame  air  be  added,  the 
water  becomes  capablcof  rcdiflblving  a  part  of 
the  earth  which  bad  been  precipitated. 

Water 
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Water  impregnated  with  fixed  air  has  atti 
the  property  of  diflblving  almoft  all  the  metalS 
ind  efpecially  iron  and  zinc-,  a  very  fmall  qua^ 
rity  of  ihefe  metals  is  fufficient  to  communic4( 
to  water  their  taftc  and  virtues  •. 


-  Thisi  circumftances  feem  to  explain, 
mofl  natural  manner,  how  the  maft  pure  difttff 
led  water  diOblves  iron,  as  appears  from  Mu 
Mooet's  obfervations,  and  why  that  combin* 
tion  takes  place  more  readily  in  cold  than  in  (: 
water:  the  reafon  is  this,  the  water  afts  on  tM 
mccal  only  in  proportion  to  the  Bxed  air  whid 
it  contains  i  and  it  has  been  already  obrervM 
that  it  Contains  tefs  in  proportion  to  its  hed 
For  this  realbn  we  are  not  able  to  obtain  the  IctA 
particle  of  vitriol  from  nwft  of  the  mincra>,  fdfi 
ruginoiu  wains. 

We  are  alfo  informed  by  Mr.  Cavendiili,  th 
fixe; 

'  Though  M.  Lavoi£crluu  placed  thudifi»Mr)r  her 
be  ncknowledgct  it  dou  not  beloog  to  Mr.  CavetuliUi. 
ii,  in  mlity,  the  propcrcy  of  my  very  ingciiioiii  fricoj 
Mr.  Luoof  AldcrfgMc-llreei  J  and  wii  tnidc  it 
qucnce  of  a  CDtiwriMion  with  Dr.  Watfon,  junior.  Vim 
PbibfopliicalTranfiLclioni,  Aon.  1769.  and  Sir  John  Pring' 
tc'iDifcourfcoQthcdificrcniklQdf  of  Air,  pagcii. 
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fiycd  air  may  be  combined  with  fpirit  of  wine 
and  mth  expreiTed  oils,  but  that  tbefe  fubftances 
do  not,  in  other  refpeds,  obtain  any  new  pro- 
perciea  by  the  union  ;  that  the  vapour  of  burn- 
ifig  charcoal  occafions  a  remarkable  diminution 
of  air,  aqd»  that  at  the  fame  time,  a  quantity  of 
filled  air  is  produced  in  the  operation  which  la 
capable  of  being  ahiorbed  by  foap  ley.     And  to 
conclude:,  Mr.  Cavendifh  is  the  firft  who  haft 
remarked,  that  a  folutlon  of  copper  in  fpirit  of 
falt^    inftead  of  yielding  inflammable  air,   like 
that  of  iron  or  zinc,  afibrded  a  particular  ipe* 
cies  of  air,  which  loft  its  elafticity  as  foon  as  it 
came  into  conta^  with  water. 


CHAPTER     XL 

M.  MEYER'S  THEORY  concsrnjno  the 
CALCINATION  of  CALCAREOUS 
EARTHS,  AND  THE  CAUSE  of  CAUS- 
TICITY IN  LIME  AND  IN  ALKALIS. 

« 

WHILE  the  doftrine  of  fixed  air  was 
peaceably  eftablilbed  in   England,   a 
formidable  opponent  to  it  arofe  in  Germany. 

Nearly 
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Nearly  at  the  feme  time  that  Dr.  Macbride  pub- 
liflied,   in  Englifh,  the  Effays  of  which  we  have 
juft  given  an  account,  a  very  elaborate  Treatiib  j 
was  publifhed,  written  in  German,  by  M.  McyerJ 
Apothecary   at  Ofnabruck,  entitled,   Effays  am 
UChemifiry,  en  ^ck-Ume^  the  Elafiie  and  Eleilri 
^MaUer,  Fire,  and  the  univerfal  primitive  jiciA 
This  Treatifc  contains  a  great  number  of  cxperi 
nicnts,  for  the  mott  part  accurate  and  true,  from 
which  the  author  has  deduced  confequcnces  t 
tally  oppofitc  to  thofe  drawn  by  DoSors  Halei 
Black   and  Macbride.     There  are  few  modeni 
books  of  chemiflry  which  difplay  more  genius 
than  this  of  M.  Meyer-,  and  if  his  ideas  were 
to  be  adopted,  the  confequencc  would  be  no- 
thing  lefs  than  a  new  theory  dircQly  contrary  to 
thai  of  Stalh,  and  of  all  the  modern  chemlfts. 


Mr.  Meyer,  fir(t  examines  the  nature  of  the 
calcareous  Hones  of  the  fparry  kind,  and  of 
fubftances  proper  to  make  lime.  He  remarks 
thatthcfc  fubftances  arc  rarely  pure,  that  they 
are  commonly  mixed  with  fand  and  other  foreign 
matter;  but  that  the  part  really  proper  to  make 
lime,  is  nothing  more  than  a  pure  earthy  alkali, 
infoluble 
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iofbluble  in  water,  fufceptible  of  coinbinatbn 
wiib  acids,  in  which  it  diflblvcs  with  efftrvef- 
ccncc,  &c.  He  obfcrves,  that  as  foon  as  thefc 
fubftances  have  been  expofcd,  a  fufficienc  time, 
to  the  aftion  of  a  ftrong  fire,  they  fuffcr  a  large 
quantity  of  water  to  efc^pc;  iha:  after  this  ope- 
ration they  come  out  with  the  property  of  being 
wholly  folubic  in  water,  antl  of  no  longer  effer- 
vcfcing  with  acids.  From  thefc  new  properties 
M.  Meyer  concludes,  thai  the  lime,  while  in  the 
fire,  has  been  neutralized  by  a  particular  acid, 
CO  which,  as  a  medium,  its  Iblubility  in  water  is 
due,  and  whofc  union  with  it  has  deprived  it  of 
its  property  of  efFervefcing  with  acids.  To  con- 
firm this  theory,  Mr.  Meyer  poured  into  limc- 
waier,  drop  by  drop,  fome  lixivium  of  fixed  al- 
kali. The  lime-water  prefcntly  became  turbid, 
and  the  lime  fubfided  under  the  form  of  a  calca- 
reous earth,  infolubic  in  water  as  before  its  cal- 
cination I  the  alkali,  on  the  other  hand,  had 
acquired  the  cauflicity  of  the  lime,  and  a  part  of 
its  other  properties.  From  whence  Mr.  Meyer 
concludes,  that  the  acid  which  was  united  to  the 
.  lime,  and  rendered  it  ibluble,  has  more  affinity 
pith  fixed  alkali  than  with  time  i. that  it  aban- 
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dons  the  latter,  and  unites  with  the  fixed  alkali. 
The  fame  thing  happens  when  lime-water  is  pre- 
cipitated by  the  volatile  alkali,  or  on  feparating, 
by  means  of  lime,  the  volatile  alkali  from  fal 
ammoniac:  in  all  thcfe  cafes,  the  acid  of. the 
lime  neutralizes  the  fair,  renders  it  cauftic,  un- 
criftalizable,  and  deprives  it  of  the  property  of 
effervefcing  with  acids.  The  acid  fubftance, 
which  the  lime  thus  attracts  in  the  fire,  Mr. 
Meyer  calls  acidum  pingue  \  he  fuppofes  it  to  be 
a  fubftance  nearly  approaching  to  that  of  fire 
and  of  light ;  that  it  is  by  the  aid  of  this  acid, 
that  lime  unites  with  oil,  difiblves  fulphur,  &c. 
Laftly,  it  is  Mr.  Meyer's  opinion,  that  the  acidum 
pingue  enters  very  abundantly  into  the  compofi- 
tion  of  vegetables  and  animals*,  that  it  is  this 
which  efcapes  from  charcoal  when  burning,  from 
wood  when  it  confumes,  &c. 

Mr.  Meyer  goes  on  to  point  out  its  combi- 
nation with  a  great  number  of  bodies ;  he  fup- 
pofes it  to  exift  in  metallic  calces,  in  minium, 
and  that  it  may  be  made  to  pa(s  from  them  into 
either  the  fixed  or  volatile  alkalis,  which  thereby 
acquPre  a  ftaie  of  caufticity.    It  is  principally  in 

this 
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this  article  that  Mr.  Meyer's  theory  fccms  to 
hare  the  advantage  over  the  Englilh  fyftem.  In 
f*5l  the  theory  of  the  acidum  pJngue  explains  in 
the  moft  natural  and  mod  fimplc  manner  the 
augtnenuiion  in  the  weight  of  the  metallic  calccs» 
tl>eir  afiion  on  fal  ammoniac,  the  reparation  of 
the  volatile  alkali  from  that  fait  by  minium,  H- 
tbarge,  and  many  other  metallic  calces.  In  every 
cafc,  it  is  the  caufiic  of  fire,  t\iz  acidusi  pingm 
which  unites  >¥iih  the  metals  by  calcination, 
which  paflcs  afterwards  into  the  volatile  alkali, 
and  forms  a  fpecies  of  neutral  falc  liaiilar  to  that 
srbidi  is  obtained  with  lime. 

Mr.  Meyer  obviates  one  capital  objedion 
which  might  be  made  to  his  theory  on  Dr.  Black's 
fyftem.  The  latter  has  advanced,  that  if  a  pure 
calcareous  earth  be  dilTolyed  in  the  nitrous  acid, 
and  afterwards  precipitated  by  an  alkali,  we  may 
have,  as  wc  chvle,  the  earth  precipitated  either 
in  the  Qate  of  calcareous  earth  or  of , lime.  If  it 
be  precipitated  by  the  common  fixed,  or  con- 
crete volatile  alkali,  it  is  obtained  in  the  rtate  of 
calcarcou*  earth  i  bat  in  that  of  quick-lime,  on 
die  contrary,  if  ii.beprccipitat^ci.by  either  the 
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fixed  or  volatile  caujlic  alkali.  Dr.  Black  has 
ntpUined  this  phenomenon  in  the  following 
manner :  Calcareous  eanh,  diflblved  in  fpirit  of 
nitre,  no  longer  contains  any  air,  for  it  has  been 
diflipated,  during  the  combinarion,  by  the  cfFcr- 
vefcence.  If,  then,  the  earth  be  precipitated 
from  this  folution  by  a  common  fixed  alkali  fa- 
turated  with  air,  in  proportion  as  the  alkali 
unites  with  the  acid,  it  abandons  all  its  air, 
which  is  conveyed  tothe  earth,  and  precipitates 
it  under  the  form  of  a  calcareous  caith  ;  if  on 
the  contrary  it  be  precipitated  hy  a  cauftic  al- 
kali, viz.  by  an  alkali  deprived  of  its  air,  the 
earth,  not  finding,  in  tlie  mixture,  any  thin] 
which  can  fupply  it  with  air,  fubGdes  in 
ftate  of  lime. 


ling        ■ 


Thx  fimplictty  of  this  explanation  docs  not 
at  all  difconcert  Mr.  Meyer,  and  he  anfwcrs  in 
a  manner  alfo  quite  natural.     When  we  prccipi' 
rate  a  foluiion  of  catcarctras  earth  by  a  cauftic 
alkali,  we  mix,  as  it  were,  by  his  account,  M 
neutral  falls  together  i  the  one  a  nitre  with  I 
earthy  ba/is,  the  other  compofcd  of  the  acidumT 
pinguc  and  fixed  alkalL    A  double  dccompofi- 
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tion,  then,  fhould  take  place  in  the  mixture. 
The  nitrous  acid  Ihould  quit  its  bafis  to  unite 
with  the  fixed  alkali,  and,  at  the  fame  time,  the 
acidunn  pjngue  being  at  liberty,  (hould  attach 
itfelf  to  the  calcareous  earth  and  precipitate  with 
k  in  the  form  of  lime,  viz.  foluble  in  water,  and 
deprived  of  the  property  of  eiFervcfcing  with 
acids.  But  the  event  muft  be  different  when  we 
precipitate  by  a  common  alkali  -,  for  as  that  does 
not  contain  the  actdum  p'tnguCt  the  precipitate 
UWs  as  a  calcareous  earth. 

It  would  be  too  tedious  to  follow  Mr.  Meyer 
in  the  comparifon  which  he  makes  between  the 
seidum  pingse  and  the  matter  of  Bre,  that  of 
light,  the  eledtric,  and  the  phtogiftic  matter. 
I  (hould  be  led,  befides,  into  details  too  extea- 
Ovc  for  my  defign.  This  chemirt,  it  muft  be 
confeffed,  gives  himfelf  up  too  much  to  a  pro- 
penGty  which  all  thofc  have,  who  believe  they 
have  difcovered  a  new  agent,  and  apply  it  ia- 
^ifcriminately  to  every  thing. 
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CHAPTER    XII. 

Aw  MPXANATiON  Of  Dr.  BL  ACK's  THEORY 
OF  FIXED  AIR,  KY  Mr.  JACQUIN, 

THE  Englifli  doftfine  attacked  by  Mr. 
Meyer,  foOff  found  a  defender.  Mr. 
Jacquin,  Botanical  Profeffor  at  Vienna,  pub- 
lifhed  in  1769,  a  Latin  diflertation  in  its  favour 
i'ntitled  5  A  Chemical  examinafian  of  Mr.  Meyer* 5 
Doffrine^  of  bis  Acidum  pingue,  and  of  Dr. 
Biack*s  DoSlrine  comeming  the  Phenomena  of  Fixed 
/Hr^  with  regard  to  lime.  This  differtation, 
though  it  may  not  have  added  much  to  what 
had  before  been  done  by  Meflrs.  Black  and 
Macbride,  may  be  confidered  as  an  excellent 
work,  on  account  of  the  method  and  clearne^ 
with  which  the  fads  are  there  related,  the  choice 
of  experiments  which  it  contains,  the  fimplicity 
and  accuracy  of  the  procefles,  and  laftly  of  the 
right  manner  of  philofophizing  obfervable  in  it. 

The 
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The  firft  obfervation  which  ftruck  Mr.  Jac- 
quin,  was  that  lime  lofcs,  during  its  calcination 
nearly  one  half  of  its  weight.  This  peculiarity, 
which  rendered  Mr.  Meyer's  theory  fufpefted 
by  him,  engaged  him  to  perform  the  calcination 
of  lime- done  in  cJofc  veflels.  For  this  purpofe, 
he  took  a  ftone-retort  capable  of  bearing  the 
aftion  of  fire  -,  into  this  he  put  thirty*two  ounces 
of  lime-ftone ;  he  then  adapted  to  it  a  large  tu- 
bulated receiver,  and  proceeded  to  diftillation. 

At  firft  he  employed  but  a  moderate  fire, 
and  obtained  only  fome  phlegm  ;  but,  prefently, 
having  raifed  (he  fire,  an  elaftic  vapour  began  to 
feparate  very  plentifully,  which  continued  to  fly 
off  during  an  hour  and  half,  with  an  hifiing 
noife,  through  tl-iC  tube  of  the  receiver :  this  va- 
pour Mr.  Jacquin  fuppofes,  to  have  been  no- 
thing but  air.  The  operation  being  finiflied  he 
found  no  more  than  feventeen  ounces  of  calca- 
reous earth  in  the  (late  of  lime,  in  the  cucurbit, 
and  two  ounces  of  phlegm  containing  fome 
flight  traces  of  volatile  alkali  in  the  receiver. 

The  thirteen  deficient  ounces  Mr.  Jacquin  at- 
•  F  4  tributes 
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tributes  to  the  air;  Kcnce  it  follows,  according"" 
to  him,  that  limc-ftone  contains   fix  or  feven 
hundred  times  its  bulk  of  air. 

The  objcd  of  feveral  experiments,  which  atfl 
related  after  iliit^,  is  to  prove  that  limc-ftone;j 
becomes  quick-lime,  only  in  proportion  to  tb( 
quantity  of  cUAic  fluid  which  is  difengaged  froi 
k;  and  that  if,  for  example,  vre  draw  off  no 
thing  but  the  phlegm,  and  liien  extinguifh  ib 
fire,  the  lime-ftone  will  be  found  in  the  retort, 
nearly  in  the  fame  ftatc  in  which  it  was  put  into 
if.  What,  according  to  Mr,  Jacquin,  proves 
ftill  mote  latisfaftoiily,  that  it  is  not  the  depriva- 
tion of  water  only  which  contlitutes  the  lime,  is 
that  if  indcad  of  (lopping  the  operation  as  foon 
as  the  air  begins  to  be  dtlengaged,  wc  continue 
it  fomewhat  longer,  the  limeftonc  is  reduced  in- 
to quicklime  on  its  furface,  without  being  fo  in- 
leriorly. 

These  firll  experimcais  led  Mr.  Jacquin  to 
fbmc  rcBcdions  on  the  manner  in  which  air  may 
cxilt  in  bodies^  and  he  makes  a  diftinftion  be- 
tween the  air  which  only  enters  into  their  pores 
and 
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I 

^ 
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and  that  which  enters  into  their  compofieion. 
The  firft  may  be  rendered  fcnfible  by  the  mere 
experiment  of  the  air  pump  ;  the  latter,  on  the 
contrary  is  in  a  ftate  of  divifion  or  difiblution 
vhich  does  not  permit  it  to  enjoy  its  elafticity. 

We  know  that  lime  is  capable  of  being  dif- 
folved  in  water  -,  that  lime-water  expofcd  to  the 
air  affords  a  pellicle  which  is  no  longer  lime, 
but  a  calcareous  earth  which  eftervcfces  with 
acids.  Mr.  Jacquin  agrees  in  opinion  with  all 
Dr.  BUck*s  difciples,  that  this  fubftancc  is  no- 
thing more  than  lime  which  has  recovered  the 
air  of  which  it  has  been  deprived,  and  he  ftiews 
that  it  recovers,  in  proportion,  the  weight  which 
it  had  loft  by  calcination.  This  cremor  calcis 
calcined  again  lofcs  rf  of  its  weight  i  its  air  is 
feparated  during  the  calcination;  in  fliort,  every 
thing  declares  i:  to  have  repafied  to  the  ftate  of 
Ume-flone. 

M»'  Jacquin,  afterwards,  examines  the  ac. 
tioii  o(  waur  upon  lime;  hi  demonflrates  that 
it  exilnguiOies  the  lime  without  rcftoring  to  it 
its  »ir,  bccaufe  we  may  prefervc  the  lime  under 
^he  water,  as  long  as  we  pleaTe,  without  its  ceaf- 
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ing  to  be  lime,  provided  ihat  we  can  keep  the 
furface  of  the  water  from  conrail  with  the  open 
air,  otherwile  the  whole  muft  be  converted,  fuc*B 
celTively  and  in  proccfs  of  time,  into  a  crcm 
calcis.  He  fhews  alfo,  that  if  we  cvapora^ 
lime-water,  by  way  of  didillation,  the  card 
which  remains  in  the  cucurbit  is  ilill  lime, 
by  no  means  calcareous  earth.  All  thefe  expi 
riments  prove  further  that  it  is  not  the  abrcndij 
or  prefience  of  water  which  conllitutes  the  dai 
of  lime  or  of  calcareous  earth. 


Mr.  jACQi'is  afterwards  reviews  all  the  ex- 
periments of  Doctors  Black  and  Macbride;  and 
he  has  alfo  added  fome,  which  are  new,  with  the 
fame  intentions.  He  (hews  that  every  mixture 
of  chalk  or  of  common  alkali,  with  an  acid^ 
produces  air  which  has  the  property  of  precipi- 
tating lime-water  i  viz.  of  uniting  with  the  lime 
which  is  difiblved  in  the  water,  of  converting  it 
into  a  calcareous  earth,  rendering  it  infoluble, 
and  making  it  cryftallize  immediately.  The  i 
which  feparatcs  from  limc-ftone,  during  its  " 
eination,  has  the  fame  property. 
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Mr.  Jacquiw  oppofes  thcfc  experiments  and 
thofc  of  Mcffrs.  Black  and  Macbride  to  Mf. 
Meyer's  theory,  and  he  draws,  from  moft  of 
them,  objcftions  which  to  him  appeared  Infur- 
mountable. 

Mr.  Jacquin  had  before  obferved,  that 
whenever  the  air  is  diffolved,  and  combined  with 
certain  fubftances,  it  has,  as  in  all  the  chemical 
combinations,  ift.  a  point  of  faturation;  2dly. 
a  certain  degree  of  adhefion,  jwhich  is  greater  or 
fmaller  in  proportion  to  the  difierence  of  affinity 
which  it  has  with  thefe  different  fubftances.  He 
applies  thefe  refleftions,  in  the  cleared  manner, 
to  the  formation  of  cauftic  alkalis ;  he  maintains 
that  lime .  only  afts  upon  them  by  means  of  the 
greater  affinity  which  fixed  air  has  with  it;  and 
he  alfo  eftablifhes  it  as  a  principle,  with  Black 
and  Macbride,  that  lime,  the  common  cauftic^ 
and  all  cauftics  of  that  kind,  aft  fo  powerfully 
on  animal  fubftances,  only  by  attrafling  their 
air  of  which  they  are  extremely  greedy,  and 
that  as  this  air  is  effential  to  their  combination, 
a  decompofition  enfues. 

Mr; 
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Mr.  jActiym  has  alfo  repeated  the  exper 
tnents  of  Meflrs.  Black  and  Macbride  on  tbi 
means  of  making  lime  in  the  moift  way. 
calcareous  earth  be  combined  with  nitrous  acid^ 
in  a  long  necked  bottle,  we  perceive,  after  thi 
effcrTefcence,  that  the  chalk  has  loft  nearly  hal 
its  weight,  viz.  that  it  has  loll  all  the  air  which^ 
conllicuted  it  calcareous  earth ;  it  is  then  in  iht 
ftaieoflime.  If  we  wilh  to  obtain  it  alone  i 
the  fimc  ilaie  and  fcparatcd  from  the  nitrous 
acid,  we  have  only  to  precipitate  tt  by  a  caullic 
alkali ;  the  earth  which  remain*,  when  waJheci  ^ 
from  the  falc,  is  a  true  lime  foluble  in  water. 

Tius  dilTcrtation  of  Mr.  Jacquin,  as  has  al-1 
ready  been  faid,  contains  only  a  fmall  number  fl 
^  pew  fads,  tlic  foundation  belongs,  entirely,  l© 

trlcflrs.  Black  and  Macbride  ^  but  there  is  taj 
"be  difcovcrcd  in  his  experiments  much  moi 
order  than  in  thofe  of  the  two  EngiiHi  authors  {I 
and  it  may  be  regarded  as  a  complete  treatlfc  on  I 
the  caufticity  of  Hme,  and  of  alkalis,  upon  the! 
fiypoihcfis  of  Dr.  Black.  The  fear  of  falling^ 
into  repetitions  does  not  permit  me  to  avail  myfclfl 
of  an  infinice  number  of  intcrcfting  details  whichT 
coaftitutv  I 
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CMifKtote  a  part  of  the  merit  of  this  work,  and 
which  announce  very  great  perfpicuity  in  his 
ideas,  and  much  method  in  the  manner  of  com» 
nanicating  them. 


CHAPTER    XIII. 

A  REFUTATION  op  the  THEORY  09 
Messieurs  BLACK,  MACBRIDE,  aho 
JACQUIN,  BY  Mr.  CRANS. 

DEATH  removed  Mr.  Micyer  from  among 
the  learned  about  the  time  that  Mr. 
Jaquin's  work  appeared;  but  his  dodrine  had 
already  made  a  rapid  progrels  in  Germany,  had 
been  adopted  by  chymifts  of  reputation,  and  had 
begun  to  receive  public  notice  in  the  fchook. 
Mr.  Jacquin's  work,  therefore,  did  not  meet 
with  a  friendly  reception  there;  and  in  1770, 
Mr.  Crans,  phyfician  to  his  Majefty  the  King 
of  Prufiia,  publifhed  againfl:  him  at  Lefpfick^ 
a  Latin  work,  entitled,  yf  Refutation  of  the  cbe- 
mical  Examination  of  Meyer's  DoSirine  concerning 
tbe  yfcidum  Pinguc  \  and  of  Bkck^s  DoSrine  am^ 

m 

cemtng 
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ceming  fixid  jUr^  as  relative  to  ^ck-Ume^  io 
odavo,  212  pages. 

The  experiments,  related  by  Mr.  Crans,  are 
fo  very  numerous,  that  I  fhould  exceed  the 
bounds  to  which  I  have  confined  myfelf,  if  I 
were  to  enter  into  a  detail  of  them  all :  I  {hall 
only  endeavour  to  give  fome  idea  of  the  princi- 
pal ones,  and  I  (hall  efpecially  fcledfc  thofe  which 
ieem  mote  direfi^ly  to  oppofe  the  dodrine  of  fix- 
ed air. 

Mr.  Crans  firft  inquires  into  the  aftion  of 
fire  on  lime-ftone.  He  agrees  with  Dr.  Black's 
difciples,  that  this  fubftance  lofes  a  confiderable 
portion  of  its  weight  in  the  fire,  but  he  attributes 
this  lofs  to  the  great  quantity  of  water  which  it 
contained,  and  which  was  driven  off  by  the  force 
(rf*  the  fire.  It  is  alfo  to  the  water  reduced  to 
vapours,  or  in  a  (late  of  expanfion,  that  he  at- 
tributes, chiefly,  the  elaftic  feparation  obfcrved 
by  Mr.  Jacquin,  during  the  calcination  of  lime- 
ftone  in  dofe  vc&\%  %  but  he  has  not  produced, 
beyond  this,  any  decifive  proof  of  this  affertion. 

Mr.  Crans  is  of  opinion,  that  limeftone  when 

calcined 
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cddaed  is  not  deprived  of  the  property  of  efier- 
Yiefcing  with  acids,  as  Dr.  Black's  followers  pre- 
tend, and  he  quotes,  on  this  fubjed,  the  tefti- 
monies  of  Mcffrs.  Duhamel,  Geoffrey,  Homberg, 
and  Pott,  who  have  all  declared  that  lime  ef- 
fervefces  with  acids.  He  here  adds  fome  expe- 
riments of  his^  own ;  thefe  were  made  on '  lime 
under  different  circumftances,  and  which 'had  ef- 
pectally  been  carefully  preferved  from  contaft 
with  the  air,  yet  he  uniformly  obferved  an  efier- 
vcfcence. 

He  objedts  on  this  occafion,  that  if  lime  only 
differ  from  calcareous  earth  in  being  deprived  of 
its  air,  and  in  the  great  affinity  which  it  has  with 
it,  it  ought,  in  a  Ihort  time  to  reabforb  in  the  open 
air,  the  whole  of  the  air  of  which  it  has  been  de- 
prived, and  to  become  again  a  calcareous  earth  ^ 
he  has  obferved  however  that  lime  may  be  pre- 
ferved a  long  time  in  the  air  without  lofing  its 
nature ;  he  even  affures  us  that  after  a  confide- 
rable  length  of  time,  it  acquires  greater  caulti- 
city. 

After  having  examined   the    appearances 

which 
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which  litneflone  exhibits  during  its  calcination, 
Mr.  Crans  proceeds  to  the  flaking  of  lime.  He 
obferves  that  the  fuddcn  fwclling,  and  that  coo- 
fidcrablc  heat  which  is  remarkable  during  the 
peratton,  and  which  is  fo  natural  a  conlequei 
by  Mr.  Meyer's  fyftem,  is  abfolutely  inexptical 
by  Dr.  Black's  hypothcQs,  which  alfo  affords 
bcaer  reafon  why  calcareous  earth  dilToIvcs 
very  Itttle  heat  in  the  nitrous  acid,  whereas  the 
dinbluiionof  lime  in  the  fame  acid  produces  a 
degree  of  heat  fuperior  to  that  of  boiling  water  j 
that,  in  fine,  the  partifans  of  fixed  air  are  not 
able  to  give  any  fatisfadlory  rfafon  for  that  acrid 
and  corrofive  vapour  which  exhales  from  lime 
and  occafions  us  to  cough,  for  the  danger  at- 
tending buildings  newly  plaQcrcd  with  lime, 
for  fcvcral  other  cffefts  produced  by  it. 


Mr.  Crans  proceeds  to  examine  the  phe- 
nomena which  time  preients  on  its  diflblucion  in 
water,  and  during  its  cryftallization.  We  have 
fcen  above  that  the  pellicle  which  forms  on  the 
furface  of  lime  water,  when  it  has  been  cxpofcd, 
forfometjm^  to  the  air  and  which  is  known 
among  ChcmiftSi  by  the  name  of  Cremor  ( 
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IS  jnothing'cllc,  afrcqrding  to  Mr;  Jacquin,  than 
liio^  which  has  recovered  its  air,  and  which  by 
cl^is  union  has  alfo  recovered  the  date  of  calcar 
reous  earth,  viz.  has  become  infoluble  in  water, 
und  fufceptible  of  elFcrvefcence  ^ /in  a  word,  the 
lame  as  before  calcination.  Mn  Crans,  on  the 
contrary,  fuppofes,  with  Mn  Meyer,  that  the 
jcremor  caicis  is  lime  which  has  loft  the  cauftic 
principle  or  acidum  pingue ;  he  aflurcs  us  that 
lie  has  frequently  feen  this  fubftance  form  itfelf 
at  the  bottom  of  the  fluid,  and  not  on  its  furface, 
and.  that  k  is  depoiited  on  the  interior  fides  of 
the  yefiel,  and  in  places  where  the  lime  could 
have  had  no  contaft  with  the  air ;  and  laftly^ 
that  it  even  forms  while  the  lime-water  is  cover- 
ed with  a  pellicle  which  cuts  ofi^  all  comhiunica- 
tbn  with  the  air.  Moreover,  all  the  lime,  ac- 
cording to  Mr.  Crans,  is  not  foluble  in  water, 
nor  can  the  whole  be  converted  into  cream, 
which  ought  to  follow  from  the  principles  of 
Dr.  Black  and  his  difciples, 

Mr.  Crans  does  not  quit  the  fubjedt  of  lime- 
water  till  after  he  has  dwelt  a  confiderable  time 
on  its  properties,  and  he  deduces  from  thence, 

G  almoft 
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almoft  every  objcAion  againft  Dr.  Black's  theory. 
Lime-water  diOblvcs  fulphur,  camphor,  and 
nfins,  nearly  in  the  fame  manner  as  fpirit  of 
wine;  Dr.  Black's  difciples,  to  reafon  confiftent- 

■  ly,  ought  then  to  go  fo  far  as  to  declare,  that  it 
renders  thefc  fubftanccs  foluble  in  water  by  at- 
irafiing  their  air  from  them,  as  they  fay  of  cal- 
careous eanh  converted  into  quick-lime-,   but 

-then  they  will  find  themfclvcs  ncccfTitatcd  to  pro- 
nounce, that  fpirit  of  wine  dinblvcs  the  rcfms  by 
attradling  the  air  which  they  contain;  which,  ac- 
cording to  Mr.  Crans,  would  throw  them  into  a 
labyrinth  of  difficulties,  if  not  of  abfurdities. 

BisinEs,  adds  Mr.  Crans,  if  ic  were  the 
abfence  of  air  which  conftitutcs  caufticity,  it 
wbuld  follow,  that  all  the  neutral  fahs  mud  be 
cauftic,  as  the  air  has  been  expelled  in  their 
combination,  by  the  effcrvcfccncc  i  wr,  however, 
find,  thit  they  arc  more  mild,  than  cither  of  the 
ingredients,  of  which  they  are  compofed,  was  in 
its  feparate  flatc 


Mit.  CttANS  then  proceeds  to  the  diffblutttfn 

both 


« 
I 
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\k9ii4katik  tod  chalk  ia  acids*  He  ob- 
Arvcs^  that  ^  may  faaf  e  an  efiervefcence  or  noCf 
hi  thsfe  operatiofii,  aa  we  pleafe.  The  eficrvef- 
Mtioe  is  reiy  brifk  if  we  employ  an  acid  mode- 
malf  concenorated ;  and  there  is  none,  if  the 
ftae  acid  be  diloted  in  a  great  quantity  of  water. 
Ho^ft^ever,  fays  Mr.  Crans,  if  fixed  air  be  one  €i 
the  confticuent  principles  of  calcareous  earths 
and  fiones,  why  does  it  not  difengage  itfelf  un<* 
der  the  laft  circumftance  ?  And  if  it  be  diien^ 
gaged,  what  becomes  (»f  it,  fince  it  doek  not  an- 
Docmce  its  fcparation  by  an  efifcrvefcenct  f 

Mr.  Crans  (hews  afterwards,  that  we  may 
obtain  a  hriflc  effervefccnce,  by  mixing  together 
the  cauftic  Ibdvium  and  an  acid  ^  although,  ac- 
cording to  Meflrs.  Black  and  Jacquin,  it  con- 
aains  no  air.  His  method  is  to  pour,  gendy, 
fome  cauftic  lixivium  into  a  iblution  of  calcareous 
tanb,  the  alkali  trickles  down  the  fides  of  the 
botde,  and  reaches  the  tK)ttom :  if  we  after- 
wards agiuce  the  two  liquors  fuddenly,  to  mix 
them  together,  a  brift:  efl^rvefcence  enfues,  and 
the  precipitation  is  formed  in  an  inftant. 

G  2  Messrs. 
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Messrs.  Black  and  Jacquin  had  declared  that 
quick  lime  might  be  made,  in  the  humid  way, 
by  precipitating  calcareous  earth,  diflblved  in 
..the  nitrous  acid,  by  means  of  a  cauftic  alkali ; 
in  faft,  according  to  their  dodrine,  the  calcare- 
ous earth  not  meeting,  in  the  procefs,  with  any 
fubftance  which  can  fupply  it  with  air,  mud  re- 
main in  the  (late  of  quick  lime.    Mr.  Crans  de- 
nies thefe  experiments,  and  oppofes  them  with 
ibme  of  a  contrary  kind :  he  tells  us,  that,  in 
whatever  way  he  operated,  the  calcareous  earth 
precipitated  from  a  folucion  of  it  in  the  nitrous 
acid,  whether  he  employed  a  mild  or  a  cauftic 
fixed  alkali,  afforded  nodiHerence;  that  in  every 
cafe  it  cffcrvefced  with  acids,   and  was  but  a 
common  calcareous  earth,  except  that  it  had  fome 
degree  of  folubility  in  water,  and  turned  fyrup 
of  violets  green.     He  tried  to  diflblve  lime  itfelf 
in  the  nitrous  acid,  and  to  precipitate  it  with  the 
cauftic  alkali;  and,  notwithftanding  Dr.  Black 
declares,  that  there  is  nothing  in  this  combina- 
tion which  can  fupply  the  lime  with  air,  he,  ne- 
ver thelefs,    obtained    a   true  calcareous   earth, 
which  effervefced  with  acids. 

Another 
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*  Another  kind  6f  proof,  of  which  Dr.  Black 
and  his' followers  avail  chcmfelves,  is  the  preci-  ' 
picacion  of  lime-water  by  air  ieparated  either 
from  an  efiervefcrng  or  fermenting  mixture ;  but 
Mr.  Crans  pretends,  that  there  is  no  abfolute 
proof  that' the  precipitation  is  made  by  the  air; 
that  there  are  other  caufes  which  may  produce 
fimilar  effeds,  and  fuppoling  the  air  to  a6t  in 
no  other  manner  on  the  water  than  to  render  ic 
more  rare,  that  circumftance  alone  would  be 
fufficient  to  caufe  the  precipitation.  Befides, 
adds  Mr.  Crans,  how  can  we  conceive  that  the 
air,  which  in  the  aerial  waters  is  the  folvent  of 
iron,  fhould  here  h^ve  a  quite  contrary  property, 
of  rendering  .the  lime  infoluble  in  water  *. 

Mr.  Crans  then  takes  notice  of  the  argu- 
ments which  the  partifans  of  fixed  air  draw  from 
the  lofs  of  weight  which  calcareous  earth  fufFers 
when  diflblved  in  acids.  Dr.  Black  and  Mr. 
Jacquin  have  advanced  that  when  lime-done  was 
diflblved  in  an  acid,  a  diminution  of  weight  was 

G  3  perceived 

*  Mr.  Craws  might  add  that  the  aerial  waters  evea 
diiTolve  calcareous  earth. 
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perceived  equal  to  what  would  have  taken  place  1 
if  the  fame  ftone  had  been  reduced  to  iimc  I 
calcination ;  that  in  both  cafes  the  6xed  air  cotirj 
I  tiined  in  the  lime-ftonc  efcaped,  in  the  firft  cai 
■  by  the  cff!:rvercencc,  and  in  the  fecond  becaulj 
it  was  driven  off  by  the  forc^  of  the  fire. 


Mr.Chanb  oppofcs  ^ain,  here,  experimeii 
}  to  experiment  -,  he  diflblved  feveral  kinds  of  ca| 
I  cireous  (tones  in  the  nitrous  acid  ;   he  alfo  madj 
I  »  folution  of  lime,  keeping  an  exaft  account  c 
."the  weights  of  the  acid  and  of  the  earths  to  I 
\  diHolved    in   it.      He   commonly   obfcrved, 
thefe  procclTcs,  that  there  was  a  fulHcicntly  r 
markable  diminution  of  weight,  biy  without  ani 
rule ;  fometimes  the  lime  appeared  more  dim 
nifhed  than  the  calcareous  earth  i  at  other  tirr 
I  the  calcareous  earth   appeared  to  receive  foill 
I  augmentation  of  weight  in  ics  diflblution. 
i"  thefe  refults  arc  direflly  contrary  to  Dr.  Black 
[  doftrine.     But  it  may  be  objcfted  againft  MVj 
I  Crans,  that  he  made  ufe  of  veflcis  which  « 
too  (hallow  in  ihcfc  la(l  experiments,  and  more 
pTpecially  that  he  operated  on  fuch  fmall  quai 
titirs,  that  an  error  it)  the  fcalcs  might  occafiol 
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the  greater  part  oi  the  inequalities  which  he  has 
romrkcd. 


AfTPR  fome  odier  objcftions,  which  I  fliaU 
omit  to  relate,  Mr.  Crans  proceeded  to  the  de- 
compofition  of  fal  ammoniac  by  lime.  He  Brft 
obferves,  that  if,  according  to  Dr.  Black's  hy- 
pothefis,  the  fire  drives  from  the  litne-ftone, 
during  its  calcination,  the  Bxed  air  with  which 
it  was  faturated,  it  is  impo^Tible  for  the  lime,  io 
the  decompofttion  of  the  fal  ammoniac,  which  is 
made  in  a  retort  and  in  a  confiderable  degree  of 
heat,  to  aitraft  to  itfelf  the  air  of  the  volatile 
alkali,  and  he  pretends,  that  fo  far  Ihould  the 
lime  be  from  abforbing  it  under  fuch  circum- 
ftances,  that  it  Ihould  rather  undergo  a  new  cal- 
cination, and  lofc  that  which  might  AiLl  adhere 
10  it  i  but  admitting  alfo  Dr.  Black's  hypothecs, 
the  lime,  fays  Mr.  Crarts,  ought  to  ceale  to  be 
lime  after  the  operation  j  he  aflures  us,  however, 
that  the  refiduum  after  the  decompofHion  of  fal 
ammoniac  by  lime,  uniformly  afforded  him  a 
calcareous  eardi  in  the  ftatc  of  lime,  and  conle- 
queiuly  deprived  of  its  air;  from  whence  he 
fOBdu(\tn  that  it  has  not  atcraded  the  air  which 
C  4  waf 


\ 


88    HISTORICAL  ACGOUNT  OF 

was  contained  in  the  volactle  alkali,  and  there** 
fore  it  is  not  the  abfence  of  air  which  caufes  its 
caufticity.     Laftly,  he  aflfcrts  that  fal  ammoniac 

■  ■  ■ 

contains  much  air-;  that  this  air,  according  to 
Dr.  Black,  fhould  ferve  to  faturate  the  lime,- 
and  therefore  it  mud  be  incapable  of  any  further 
action  on  the  volatile,  alkali. 

=.'       J     •     .     • 

Mr.  CRANs-adds  to  thefe  expdrFments,  that 
if  the  a£^ion  of  cauftics  really  depends  on  their 
abforption  of  air,  animals  ought  to  be  cauterifed 
whenever  they  are  placed  in  an  air  pump  •,  an 
infant  ought  to  cauterife  its  mother's  nipples,  &c. 
as  in  each  of  thefe  cafes  there  is  a  privation  of 
ain 

Mr,  Crans  goes  on  to  relate  a  numerous 
train  of  experiments  made  with  Dr.  Macbride's 
apparatus  •,  the  reader  may  recoUedt  that  it  con* 
fills  of  two  bottles  which  have  a  communication 
by  means  of  a  glafs  fyphon  \  into  the  one  we 
put  either  fome  fubftance  capable  of  fermenta- 
tion, or  a  mixture  of  an  cfFervefcent  kind ;  in 
the  other  is  to  be  placed  the  liquor  or  whatever 
matter  is  to  be  expofed  to  the  adion  of  the  fix- 
ed 


io  TMLKitlC  VA]^'6M8/''T  r^ 


#Mch  sir '  fe^tatM.  ~  Mr.  Cms, 
cdEvely  raifed  an  effervefcehie,  wkh  'Che  victi'/ 
<flic  and  with  the  nitrous  acid  and  fixed  alkalil 
id'oAe"  bf-thefe  bottles^  and  he  proctiiMfrom 
fittir- water,  piacei  in  the  otber^  a  jpredpitation^* 
ibcfi  it  Dr.  Bldfck  thd  *Mr.  Jacq'uin  mendbh.^ 
ile  produced  the  fame  dAd  with  air  Which  had 
iervcd  the  purpoles  of  refpiratioh. 

Mr.  Crans  fubmittody  to  the  fame  api^tt* 
tus,  the  cauftic  LisYiain  mide  dter  Mr.  Mdytf^af 
method;  the  air  detached  froirt  an  efiefveftih^ 
miai^ure  precipitated  from  it 'a  white  Kediment 
which  coUefled  at  the  bottom  of  the  bottle ;  the 
liquor  alfo  acquired,  after  a  certain  time,  the 
property  of  effervefclng  with  acids,  but  he  has 
alio  obfenred,  that  when  expofed  to  the  b-^ 
pen  air,  it  recovered  that  property  nearly  a[s 
fooo :  that  it  alfo  recov^d  it  much  mott  fpeei- 
dily,  if  it  were  placed  over  a  moderate  fire;  and 
that  it  was  at  the  inftant  when  the  fumes  began 
ta  arife  that  it  trained  the  property  of  efRir- 
vefcing)  hence  Mr.  Crahs  concluded  that  it  ac- 
quiitf  Ais  property  only  in  proportion  as^  the 

^  cauMc 
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cauElic  principle  or  acidum  pnguSj  Co  which 
was  united*  evaporates. 

Mr.  Ckams  (Afcrved  the  fame  thing  in  rcff 
to  the  cauHic  volatile  glkali  detached  from  b\ 
ammoniac.  He  placed  one  portion  of  it  in 
ftove,  another  on  hoc  cinders,  and  he  fubm; 
the  third  to  Dr.  Macbride's  apparatus.  At  thq; 
end  of  eight  hours,  all  the  three  efFcrvefced 
becaufe,  fays  Mr.  Crans,  of  the  evaporation  of 
the  acidum  pin^uc :  Dr.  Macbrides's  apparatus 
therefore,  according  to  him,  operated  only 
thele  experiments,  in  a  manner  which  might  vci|l^ 
naturally  have  been  effeded  in  the  open  air. 

Mr.  Crans  has  extended  his  inquiries  furthi 
and  has  made  a  great  number  of  experiments  ig;  i 
the  fame  apparatus,  keeping  the  vcJTels  clofe,  aa4  i 
obfcrving  the  weight  of  the  nutters  employe4  J 
fioth  before  and  after  tJie  operationi.    He  ha^-J 
«lways  a  confidcrablc  lofi  of  weight  in  the  bottU 
ivhich  contained  the  mixture  defigned  for  efFcr- 
Vcfccnce ;  he  always  obtained,  on  the  contrary; 
an  augmentation  of  weight,  of  fome  graifU*  4iJi 
y^OtJier  buttle. 

Mr;J 


a 
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M|u  Metbr'»  e9u(^c  lixivium,  fubnatted  to 
this  trial,  acquired  an  augmentation  in  weight  of 
ten  grains. 

A  Solution  of  fait  of  tartar  obt^ncd  fi?e 
grains. 

Spirit  of  hartfhorn  acquired  nearly  twenty^ 
two  grains. 

Common  fpirit  of  fal  ammoniaCt  three  gntint* 

The  cauftic  volatile  alkali,  twenty  grains. 

Ma.  C&AKS  repeated  the  fame  experiments^ 
leaving  the  recipient  bottle  open,  whereas  in  the 
ibrmer  experiments  it  had  been  accurately  lutec); 

The  fait  of  tartar  thus  ^ypoicd  received  tii 
^vgcneotation  of  five  gmins  in  weight,  ud  n 
frnftll  quantity  of  the  fait  concreted  at  the  bottom 
pf  the  vefleL 

^1%.  ]^syeVi  cagiUc  lixiviuin»  on  the  coiv 
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trary,  loft  two  grains  in  three  hours,  and  depo- 
filed  a  fedimcat. 

The  liquor,  afterwards,  and  the  fedimcnt  at 
The  botu>ni,  eServcTced  with  acids. 

The  common  volatile  alkali  loft  fomething  of 
Its  weight. 

The  cauftic  volatile  alkali,  on  the  other  hai 
acquired  fome  grains,  it  was  no  longer  cauft 
but  quite  mild,  and  cffcrvcfced. 


These  augmentations  in  the  weights,  oblcti 
_cd  in  moft  of  the  experiments  made  w 
caudic  alkalis,  and,  in  general,  almoft  all  the 
experiments  made  in  Dr.  Macbridc's  apparatus, 
fccm  to  furnifii  very  ftrong  arguments  in  favour 
of  Dr.  Black*!  opinion.  Mr.  Crans,  however, 
is  not  at  all  embarafled  in  forming  an  aofwcr : 
he  agrcca,  readily,  thai  the  fixed  air  combines 
with  the  liquors  placed  in  the  receiving  bottle, 
and  that  to  this  caufc  is  owing  the  augmentation 
of  weight  which  ihey  receive  t  biit  he  adds,  that 
■befe  liquors  are  impregnated  in  the  iamc  man- 
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nbt  is  common  water ;  he  denies,  tbac  there  it  t 
leal  combination,  or  that  to  fuch  a  combination 
b  owing  the  rendering  mild  the  cauftic  falts,  and 
he  perfifts  in  the  belief,  that  fuch  changes  de- 
pend on  the  evaporation  of  tfie  cauftic^  or  acidum 
fingfi^f  which  neutralized  the  alkali. 

Such  are  moft  of  the  principal  aiguments^ 
which  Mr.  Crans's  work  contdns,  againft  Dr. 
Black's  do£trine.  I  have  uled  my  utmoft  endea* 
vours  to  deliver  them  with  all  their  force.  It 
had,  perhaps,  been  defirable,  that  the  author  had 
broi^ht  them  into  leis  compafs ;  that  he  had 
Blade  a  ieleftion  of  his  e)^periments ;  and,  efpe- 
cially,  that  he  had  not  entered  into  perfonalities 
againft  Mr.  Jacquin,  which  are  entirely  foreign 
to  his  fubjeft. 


CHAP- 
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CHAPTER    XIV. 

THE  OPINION  OF  Mr.  DE  SMETH  ofl 
THE   ELASTIC   VAPOURS  which    ariJ 

SEPARATED    FROM     BODIES,      AND    OF 

PHENOMENA  of  LIME,  and  the  CAUS-| 
TIC  ALKALIS. 


WHILE  Mr.  Crans  attacked  Dr.  Black**  1 
doftrine  of  fixed  air  in  the  calcarcoui  ' 
oarths  and  in  alkalis^  while  he  (hook  the  foun«. J 
dacions  on  which  this  doiflnnc  was  edablifbed,  J 
two  learned  gentlemen,  Mr.  dc  Smeth  at  U- J 
trecht,  and  Dr.  Pricftlcy  at  London,  were  each  J 
employed  on  their  pans  in  throwing  light  on  j 
this  matter  by  new  experiments.     They  pub* 
lifhed,  nearly  at  the  fame  itme,  two  diHertations, 
replete  with  interefting  fadls  and  important  dif- 
coveries.     Although  Dr.  Priellley's  experimcnt%J 
''having  been  read  at  the  meetings  of  the  Royj 
' '  Society  of  London,    fome  months  before  thftl 
publici-1 
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publication  of  Mr.  dt  Smcth^s  work,  have  ac- 
quired, thereby,  a  confidcrabk  priority  of  date, 
yet  as  Dr.  Pricftley  has  furthct  exceeded  the 
bounds  of  our  knowledge  on  this  fufcge£b,  and 
as  it  is  to  him  we  owe  fome  fadts  which  feem  to 
difcover  a  new  order  of  things,  the  natural  ar- 
rangement of  ideas  obliges  me  firft  to  give  att 
^count  of  Mr.  de  Smeth's  experiments,  ahd  1 
fiialltertninate  this  hiftorical  eflTay  wrth  thofe  of 
l>r.  Pi-ieftky. 

Mr.  de  Smeth's  difibrtation  is  written  in  La- 
tin, and  in  form  of  a  thefis ;  he  printed  it  at 
tFtrecht  in  the  Month  of  Oftober  15^72,  under 
the  title  of  a  diflertation  on  fixed  air.  SmaH 
4to.  10 1,  pages. 

Mr.  de  Si^ETH,  firft  afierts,  that  we  have 
no  knowledge  of  the  common  air  which  compo*- 
fes  our  atmofphere,  except  by  fome  pbyQcat 
efFeds ;  but  that  we  have  no  id^  of  its  natdte, 
eompofition,  and  chemical  combination  ^  from 
whence  he  concludes  that  it  is  contrary  to  the 
principle  of  found  philofophy,  to  aftrm  that 
my   fubftaAee    is    iMr,    becaufe  it  afibi^s  us 

one 
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-one  or  two  properties  which   ic  may  poflcfs  1 
common  with  air  j  that  all  thofe  who  have  fp(»3 

.-  ken  of  the  elaflic  vapours,  feparated  froqq 
bodies  whether  by  fermentation,  by  fire,  or  bm 
the  effervefcence  produced  by  the  mixture  i 
acid  with  alkaline  fubflances,  have  fallen  ini^ 
this  error,  that  they  have  only  confidcrcd 
fubtlety,  the  chfticity,  the  fpecific  gravity 
ihefe  vapours  -,  but  they  fcem  to  have  forgotta 
and  difregarded  many  other  properties  which  an 
not  lefs  cfTcntial  to  air;  that  by  this  method  of 
phitofophi^ng,  water  reduced  into  vapours, 
ought  alfo  be  denominated  air,  that  we  fhould 

f  -fii*^  ^^^  ^^"^*^  name  to  the  claftic  fluid,  and  i 

t  pa  infinite  number  of  incoercible  vapours  whiclj 
have  no  property  of  air  but  its  eUllicity  and  idj 
fubtlety;  in  fine,  Mr.  de  Smeth  goes  fo  far  ; 
ta  lay  that  elaflicity  is  a  very  equivocal  charac- 
tcrtftk  of  air ;  that  we  may  fay  the  fame  of  each 
particular  property  of  it  with  which  wc  arc   ac- 

[  ^quainted,  and  he  undertakes  to  prove  this  in  the 

\  ^ur(e  of  his  work. 


After  hiving  Ihewn  by  experiments,  alreaq 

known,  that  air  is  a  true  folvcnt,  in  the  cbcmt- 

eal 


M      cal  ace 
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cal  acceptation  of  Uiu  term  -.  that  it  difTotvcB 
water  and  vapours,  in  the  fame  manner  that 
water  dilTolvcs  falts,  and  that  it  keeps  thefc  bo- 
dies fufpcnded,  contrary  to  the  laws  of  hydrof- 
latics,  Mr.  de  Smeth  proceeds  to  fomc  experi- 
ments on  the  efie£t  of  air  on  fomc  bodies,  which 
if  diey  be  not  entirely  new,  are  at  k«(l  but  little 
kliown. 

Mr,  Szathuar  had  demonftrated  In  1771,  in 
a  diHertation  on  Homberg's  pirophorus,  or  phof- 
phorus,  that  this  fubllance  increafed  fenfibl/  in 
weight  even  during  the  time  in  which  it  fumed, 
grew  hot,  and  took  fire;  Mr.  dc  Smcth  has 
examined  the  circumftances  of  this  phenomenon, 
in  conjun^ion  with  Mr.  Hann,  Profenbr  in 
Medicine,  in  the  Univerfuy  of  Utrecht,  and  the 
following  is  the  refult  of  their  experiments. 

On  the  22d.  of  November  1771,  Mr.  Hann 
placed  272  grains  of  pirophorus  in  an  exa£t  and 
fenllble  balance ;  the  pirophorus  took  6re  imme- 
diately ;  and  in  half  an  hour,  its  weight  received 
in  increafc  of  twenty  grains }  (he  next  day  it 
was  incrcafcd  to  twenty-one  grains  -,  feven  d^ys 
H  after 
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after  it  had  acquired  Bfieen  grains  more,  and 
the  whole  augmentacion  was  then  nearly  a  fifth, 
after  which  it  had  no  fen()b1c  increafc  ex- 
cept what  depended  on  the  variations  in  the  cold, 
heat,  and  moil^ure  of  the  atmofphere. 

Two  hundred  grains  of  pirophorus  which  had 
been  kept  a  long  time,  and  which  had  loft  the 
power  of  fponcancous  inBammability,  having 
been  fubmiiied  to  this  trial,  at  the  end  of  three 
days,  had  augmented  one-tenth  of  its  weight : 
Mr.  Smeih  obfervcs  that  the  augmentation  was 
not  greater  in  this  experiment,  becaufe  not  hav- 
ing been  inflamed,  it  had  undci^ne  lefs  heat, 
and  confequently  fewer  of  its  parts  had  been 
dillipated  and  reduced  to  vapour. 


These  obfervations  on  the  increafc  in  the " 
weight  of  the  pirophorus,  led  Mr.  de  Smeth 
to  that  which  takes  place  in  quick  lime:  twelve 
ounces  of  this  fubftance  expofed  to  the  air  in  a 
balance,  augmented,  almoft  viftbty,  in  weight, 
during  the  firft  month ;  after  this  period,  its  at- 
tradive  power  diminifhed  infcnfibly,  and  at  the 
end  of  a  year  or  thirteen  months,  it  was  abfo- 
lutely 


m      lutelr 
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had  3C- 

qiw'red  an  augmentation  in  weight  of  four  ounces, 
ihrec  drachms  and  forty  grains,  was  reduced  co 
a  fine  powder,  and  no  lunger  feparated  the  vo- 
latile alkali  from  fal  ammoniac,  but  in  a  concrete 
form. 


The  whole  weight  then  of  this  lime,  after  a 
fpacc  of  three  months,  was  fixtecn  ounces,  ihrec 
drachms  and  forty  grains  ■,  Mr.  de  Smeth  then 
weighed  feparately  twelve  ounces,  three  drachmi 
and  forty  grains.  After  which  he  made  the  fol- 
lowing calculation  i  if  fixtecn  ounces,  three 
drachms  and  forty  grains  of  lime  flaked  by  the 
air,  contain  four  ounces,  three  drachms,  ferry 
grains  of  matter  drawn  from  the  atmofphere, 
how  much  fliould  twelve  ounces,  three  drachms 
and  forty  grains  contain  ?  He  found  that  the' 
quantity  ftiould  be  three  ounces,  two  drachms, 
fifty  four  grains  and  half.  It  was  natural  to  be- 
lieve that  this  matter  thus  attrafted  from  the  at- 
mofphere  would  eafily  be  diHipated  by  firej  to 
aflure  himfclf  of  this,  he  put  thcfc  twelve  ounces, 
three  drachms  and  forty  grains  of  lime  in  to  an  earth- 
^_    en  retort,  fuch  as  is  commonly  made  ufe  offer  the 
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tliftiUaiioii  of  phofphorus,  and  be  expofed  it  C 
a  very  ftrong  fire  during  two  hours :  during  the 
eperation,  there  paflhl  over  into  the  receiver, 
one  ounce,  four  drachms,  forty  grains  of  pure 
phl^m,  in  which  not  the  Icaft  veftige  of  any 
feline  nutter  could  be  difcovcred,  by  any  kind 
of  trial.     However  clofcly  Mr.  Smeth  attended, 
he  could  not  perceive,  during  the  whole  time  of 
the  proccfs,    any  fcparation  of  claftic  matter  j 
but  as  after  the  fire  was  extinguiftied  the  r«tort 
was  found  to  be  cracked,  no  certain  inferrnce  h 
to  be  drawn  from  this  experiment.     The  lime, 
when  taken  out  of  the  retort,  weighed  ten  ounce?, 
Gve  drachms  1  which  added  to  one  ounce,  four 
drachms,  forty  grains  of  phlegm,   amounts   in 
che  whole  to  twelve  ounces,  one  drachm,  forty 
grains;  whence  it  follows  that  the  lofs  of  weighl 
during  the  calcination  was  only  two  drachcfl 
It  is  evident  then  that  if  there  had  been  a  deta« 
ment  of  air,  during  the  diAillation,  it  wan  by  I 
means  fo  confiderable  as  it  (hould  have  been  i 
cording  to  Dr.  Black's  fyftcm  ;  for  we  may  i 
coUeft,  in  faiQ,  that,  from  his  account,  it  (hold 
be  nearly  one  half  of  the  weight  of  the  calcare 
earth  employed.    Mr.  de  Smeth  aflures  ui,  fiir^ 
ther. 


ELASTIC  VAPOURS,  loi 

ther,  tbat  the  refiduum  in  the  retort  was  a  true 
quick  lime. 


This  experiment  gave  Mr.  de  Smeth  room  to 
retiurk.  that  lime  flaked  in  the  open  air  and  af- 
terwards calcined  in  clofe  ve0i:]s,  does  not  lofe 
again  d«  whole  which  it  had  actratfted  from  the 
atnu)fphere.  It  has  been  feen,  in  (id,  that  the 
flaked  lime  contained,  before  it  was  fubmiited 
to  didillation,  three  ouncet:,  two  drachms,  aky- 
four  grains  aod  a  half  of  matter  attraded  from 
the  atmofphere  i  it  loll,  by  dittillation,  no  more 
than  one  ouace,  feven  drachms,  forty  grains^ 
there  remained  then  one  ounce,  three  drachm::, 
fourteen  grains  which  the  degree  of  fire  employed 
WiU  not  able  to  feparate.  Mr.  Duhamel  had 
obferved  the  fame  thing  in  a  Memoir  on  Lime, 
read  before  the  Academy  of  Sciences  in  174.7, 
aod  whicJi  may  be  found  among  tlie  papers  of 
that  year  i  I  thall  prefendy  give  an  account  of 
his  experiments  -,  I  have  only  deferred  it  hitlwr- 
&>•  that  the  thread  of  the  hiltory  of  lixed  air 
night  meet  with  m  taterruption. 


This  iiiigulir  cifcumftsnce  cnga^d  Mr.  dc 
H  3  Smeth 
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Smeth  lo  repeat  tbis  experiment  in  open  velTclsJ 
for  this  purpofc,  he  placed  in  a  crucible  the  r 
maining  four  ounces  of  the  fame  lime  which  hoi 
been  flaked  by  the  air.     It  ought  to  have  con. 
taincd,  according  to  the  above  proportions,  cigl 
drachms,  fony-ievcn  grains  of  matter  attraaci 
from  the  atmofpbcrc :  however,  the  lime  havira 
been  urged  by  a  very  ftrong  fire,  in  a  wind  fud 
Dace,  [oft  no  more  than  feven  drachms,  thirci 
fix  grains ;    and,    therefore,   had    retained   oil^ 
drachm,  elercn  grains  of  the  matter  which  ha| 
been  a[tra<5ted.     The  fame  lime,  being  again  t 
pofed  to  the  air,  regained  an  increafc  of  weighi 
of  four  drachms,  twenty-eight  grains. 


Mft.  ct  Smeth  concludes  from  thcle  expei) 

-  ments ;  I  ft,  That  lime  atcratfts,  from  the  atmoj 
|>here,  a  fubdance  which  it  is  impoffible  to  ( 
prive  it  of  again.     2dly,  That  the  principal  in^ 

I'  xreafe  in  weight  which  it  acquires  by  expofure  to 
the  air,  is  owing  to  the  water  only,  and  that  the 
«ir  docs  not  fenfibly  contribute  to  this  incrc 
by  the  combination  of  its  proper  fubflancc. 
thinks,  with  Mr.  Szathm^r,  that  it  is  the  fan 
cafe  with  r^ard  to  the  augtneaatioD  of  wdghi 
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in  the  pirophorus,  and  that  this  is  equally  owing 
tt)  humidity  alone.  Ic  is  obvious,  that  thefe  af- 
fertions  are  direftly  contrary  to  thofc  of  Dodbor 
Black  and  his  difciples. 

After  fomc  refleiflions  on  the  manner  in  which 
air  cxifts  in  water,  and  on  the  caufc  of  ebullition 
in  the  latter,  Mr.  dc  Smeth  undertakes  to  prove," 
that  if  the  cauftic  alkalis  do  not  efTervefce  with 
acids,  it  is  probably  not  to  the  deficiency  of  air, 
or  elaftic  matter,  that  we  fhould  attribute  this 
phenomenon ;  and  the  following  is  his  manner 
of  rcafoning : 

"  Dr.  Black,  and  the  partlfans  of  fixed  air, 
"  fuppofe,  that  cauftic  alkalis  no  longer  cffcr- 
•*  refce  with  acids,  becaufe  the  lime,  which  has 
*'  a  ftrong  affinity  with  fixed  air,  has  deprived 
**  them  of  that  which  they  contained.  If  this 
"  principle  were  true,  two  things  muft  ncceflari- 
*'  ly  follow:  I  ft,  That  the  cauftic  alkalis  ought  to 
"  be  entirely  free  from  the  matter  proper  for 
'*  effervcfcence  or  ebullition,  sdly.  That  on  re- 
'*  ftoring  to  them  a  fufficicnt  quantity  of  air, 
^  they  ought  inftantly  to  recover  their  property 
H  4  "of 
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•*  of  efffervefcing ;  but  experience,  adds  Mr.  del 
**  Smetti,  demon  Urates,  ihac  both  ihefe  confer  | 
•*  qucncci  of  Dr.  Black's   theory  are   equally  % 
*'  falfe."    And  this  is  what  be  undertakes 
prove  by  the  following  experiments  : 


EXPERIMENT 

He  placed  Tome  volatile  fpirit  of  fal  amm 
prepared  with  lime,  under  the  receiver  of  an  a 
pump.  To  the  apparatus  was  affixed  an  acci;^ 
rate  barometer,  conlVrufted  in  fuch  a  mannei 
that  the  mercury  rofe,  at  each  ftrokc  of  i 
ptfton,  indead  of  falling  as  in  the  air  pumps  ule 
in  France ;  as  foon  as  the  mercury  had  rifen  I 
twenty-five  inches^  the  volatile  fpirit  began  i 
boil  brifkly. 


EXPERIMENT    II. 


Havinq  repeated  the  fame  experiment  wifj 
^  common  volatile  alkali  drawn  fhim  fal  aoi 
moniic 


I 
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tnoniac  with  fixed  alkali,  and  having  made  a 
much  more  perfeft  vacuum,  only  a  few  bubblei 
appeared,  which  were  fcarccly  perceptible. 


EXPERIMENT    III. 

Some  foap-ley  was  placed  under  the  fame  re- 
ceiver. As  foon  as  the  mercury  arrived  at  nine- 
teen inches  it  began  to  yetld  feme  bubbles  :  thefe 
bubbles  infenfibly  acquired  the  appearance  of 
pearls  i  ihey  did  not,  however,  burll  at  the  fur- 
face,  but  whea  the  mercury  was  rifen  to  the 
height  of  28  i  inches,  they  became  much  larger, 
nod  arrived  at  the  furface,  but  without  lifting  it 
up:  there  were  many  which  remainedatiachcd 
CO  Uic  interior  fides  of  the  veflel. 

EXPERIMENT    IV. 

The  common  alkalis,  how  long  foever  they 
were  k«pt  in  the  vacuum,  did  not  fuffer  the  leaft 
bubble  of  air  to  efcape,  unlcfs  they  had  b^cq 
Jbroogly  heated. 

Ma. 
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Mr.  de  Smeth  concludes  from  thefc  experi- 
[  nientSi  that  the  cauflic  alkalis  arc  more  difpofcd 
I  to  cbuUition  than  the  common  alkalis;  but  it  is 
[  Tcry  apparent,  that  he  fuppofcs  the  property  of 
1  effervcfccnce  to  depend  on  the  fame   principle 

irhich  occaGons  liquors  to  boil,  which  is  not 
i  proved :  I  fhall  have  occafion  to  recur  fome  time 

XO  this  ardde. 

Mr.  db  Smeth  endeavours  to  prove,   nezt^ 
that  the  introdu^ion  of  air  into  cauHic  alkalis^l 
does  not  rdtore  to  them  the  property  of  effer*] 
I  Tcfcing  with  acids.     To  prove  this,  he  procure 
*  two  bent  tubes  of  glafs  to  be  foldered  to  the  larg 
i  bulb  of  a  thermometer  i  he  Blled  the  bulb  wid 
\  folacile  caultic  alkali,  and  he  blew  through  OM 
'  of  the  tubes  in  fuch  a  manner  as  to  make  the  a 
bubble  into  the  liquor;  but  although  he  con- 
tinued this  trial  a  long  time,  the  alkali  had  not 
acquired  die  property  of  effervcfcing. 


He  tried  to  keep  the  fixed  and  volatile  cauftic  1 
I  iilkalis  in  the  machine  ibr  condeniuig  air,  dOr  I 
(cribedl 
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fisribed  in  Gravefande's  philofophy,  and  he  did 
Mt  obferve  that  they  underwent  any  change  \ 

'  Mr.  de  Smeth  concludes,  from  thefe  experi- 
ments, that  the  non-efiervefcent  property  of  the 
cauftic  alkalis  proceeds  rather  ^  from  a  fubftance 
added  to  them,  than  from  any  thing  taken  from 
them ;  unlefs,  adds  he,  that  the  lime  takes  one 
thing  from  them  and  gives  them  another,  which 
he  thinks  is  a  matter  difficult  to  decide  upon. 

Mr«  de  Smeth  has  alio  repeated  mod  oif  Dr.' 
Macbride's  experiments,  on  the  effeft  which  the 
vapours  arifing  from  fermenting  or  efFervefcing 
fubftances  produce  on  lime  water  and  the  cau- 
ftic alkalis  -,  but  inftead  of  Dr.  Macbride's  appa- 
ratus he  fubftituted  a  fimple  glafs  cucurbit  to 
which  a  tubulated  head  was  adapted;  at  the 
bottom  of  the  cucurbit  he  placed  fome  chalk  or 
alkaline  falts ;  on  which  he  poured  through  the 
tube,  by  means  of  a  funnel,  fome  kind  of  acid, 

*  It  appears,  that  Mr.  de  Smeth  foppofes  here,  that 
the  elaftic  flud,  which  affords  the  power  of  efienrefeenot 
io  the  £xed  and  volatile  alkalis^  is  the  fame  with  that  we 
breathe,  which  is  contrary  to  his  own  opinion,  as  we  ihall 
prdently  fee. 

and 
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and  immediately  dofed  the  cube,  and  then  faf- 

cened  to  the  extremity  of  the  beak  of  the  head 

ji  phial  which  contained  the  lime  water,  cauftic 

['  alkali  or  other  matter  which  he  chofe  to  expofe 

1 10  the  vapours  arifing  from  the  fermenting  or  i 

I  cffervefcing  mixtures. 

THEcauftic  volatile  ali^ali,  expofed  in  this  appfc 
ratus  to  the  vapours  ariCng  from  an  eServcTcet 
occaGoned  by  a  folution  of  fiiced  alkali,  cither  ii 
the  vitriolic,  nitrous  or  marine  acid,  acquired  in 
«ll  Uie  three  cafes  the  property  of  effervefciog^_ 
ud  recovered  a  coacrete  form* 

FixBo  caufttc  alkali  bccanae   effl:rvelceiit  m 
the  fame  apparatus,  but  did  not  cryllalltze. 

The  acid  of  vinegar  combined  with  the  dif- 
^nc  ablbrbent  earths  produced  the  fame  cff 


QuicK-LiuE   being  fubftiiuted  to  cakareoa 
nrthi,   its  combination  with  acids  did  not  r 
dcr  the  cauftic  alkalis  effervefccnt,  nor  cap 
of  cryfjalliiiing. 
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Mtk  Di  Smsth  repealed  the  fame  ezperi- 
mam  with  fi^ar  atid  water  which  he  had  plaoed 
10  ftnnent  in  the  lame  cucwbit;  at  another 
dme  he  made  ufe  of  rye  flower  diluted  with  a 
certain  quantity  of  water ;  the  vapour  which  fe- 
parated  while  the  fermentation  was  ftrong,  pro- 
duced precifely  the  fame  efiefts  as  that  from  cf- 
ienrefcing  mixtures. 

Every  time  the  cauftic  volatile  alkidi  was 
fubmitted  to  this  trial,  there  always  formed  at  the 
top  of  the  bottle  which  contained  it,  concretions 
of  volatile  alkali,  in  difl^rent  forms,  and  refem- 
bling  vegetation.  One  might  fee  thefe  concre* 
tions  appear  in  the  liquor ;  and  if  the  fermenta- 
tion were  briik,  the  operation  was  finifhed,  and 
the  volatile  alkali  rendered  mild  in  two  or  three 
hours* 

Mr.  de  Smeth  has  further  obferved  that  ta 
this  experiment,  a  fmall  cloud  always  arofe  front 
the  cauftic  volatile  alkali  which  dire£bed  itfelf 
towards  the  beak  of  the  alembic  *,  that  at  the 
fame  time  an  inteftine  motion  was  obfervable  in 
ihe  liquor,  nearly  proportionable  to  the  thick- 

neis 
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ne&  of  the  cloud,  and  which  feemed  direfted 
upwards.    The  cryftals  of  volatile  alkali,   ob- 
tained in  thefc  diHerenc  operations,  dried  eaHly 
on  filtering  paper,  and  their  penetrating  odour  J 
was  nearly  difTipated. 


When  the  fermentation  is  finifhcd,  the  cIjIUc] 
vapour  can  ftill  render  cauftic  alkalis  capable  i 
efFcrvefcing,  but  it  has  no  longer  the  power  of 
making  them  cryftallize. 

LiMB-WATER,  expofed  to  the  fame  trials, 
came  turbid,  and  the  lime,  which  it  containet 
precipitated. 

Mr.  de  Smeth  fuffered  flefh  to  putrefy  in  t 
fame  apparatus,  and  the  vapour  which  proceed* 
from  it  precipitated  lime,  and  rcftored  to  th 
cauftic  alkalis  the  property  of  cffervcfcing^  onhj 
the  cffefls  were  produced  more  flowly.  As  I 
their  property  of  occafioning  the  falts  to  cryllal- 
lizc,  he  could  not  poffibly  form  any  judgment 
of  it,  becaufe  the  aninul  fubftances  when  in  fer» 
mentation  threw  off  moift  vapours,  wliich  woul^ 
hare  diilblved  the  fait,  even  fuppofiog  that  i 
had  been  difpofed  to  cryftallize. 

mk; 
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Mr.  de  Smeth  propofes  to  prove,  in  the  next 
place,  that  the  elaftic  vapours,  which  arifc  from 
cither  fermenting  or  effervefcing  fubftances,  differ 
eflentially  from  atmofphcric  air.  I  fhatl  relate, 
in  few  words,  the  principal  diftinftions  which, 
according  to  him,  charafterifc  chefe  emanations. 

ift.  The  vapour  from  cffcrvefcing,  or  fiw- 
menting  bodies,  redores  to  cau(tic  allcalis  the 
property  of  efFcrvefcing  with  acids,  and  enables 
volatile  alkalis  to  cryftallizej  but  atmofphcric 
air,  under  the  fame  circumRances,  does  not  pro- 
duce the  fame  effcfts. 

adly.  Atmospheric  air  fupports,  nourifiies, 
and  excites  fire  j  it  is  even  fo  elTential  to  the  for- 
mation of  flame,  that  the  latter  cannot  exilt 
without  it :  on  the  contrary,  the  air  from  effcr- 
Tefcencc,  or  fermentation,  is  hoftile  to  flame, 
and  immediately  extinguifhes  ic  Mr.  de  Smeth 
was  aflbred  of  this  faft  by  a  great  number  of  ex- 
periments i  befides,  it  is  well  known  to  alt  thofe 
who  make  wine,  that  candles  are  inftantly  ex- 
dnguilhed  in  cellars  where  that  liquor  is  ferment- 
ing, if  there  be  not  a  fufHcient  renovation  of  air. 
3dly, 
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3dly,  Atmospheric  air  is  equally  neceflary 
k  to  the  fupport  of  animal  life ;   that  from  fermea 
I  tation,  on  the  contrary,  isfo  noxious  to  animall^ 
kshat,  like  a  fubtle  poifon,  it  is  fatal  to  thofe  whtvj 
I  breathe  it  in  fufHcicnt  abundance ;  and  it  is  froinj 
('thiscsufe,  that  frequent  accidents  happen  in  cel-j 
t  l$rs,  when  they  have  been  fhut  up  too  foon  afteu 
I  the  vintage-,  alfo  that  care  is  taken  not  toentera 

Cfaem  without  precaution,  and  even  not  withoui 
I  fiHl  putting  down  a  lighted  candle  into  them. 

The  air,  arifing  from  effcrvefcencc,  it  not  M 
fatal  to  animals  than  that  from  fermentation  ; 
differs,  however,  from  the  latter,  in  not  occa- 
Goning  intoxication,  and  in  not  communicating 
to  bodies  the  fame  vigour,  when  taken  in  fmal 
do&s. 

4ibly,  The  air  of  the  atmofphere  rather  fv 
vours  than  refills  putrcfaftion  j  whereas,  the  v* 
I  .pour  from  fermenting  or  from,  effervefcing  fubuj 
Iftances  is  a  powerful  antilcptic,  as  Boyle  firl 
LoUerved;  as  Mr.  Cotes  has  remarked  in  hid 
I  leflures,  and  as  Dr.  Macbride  has  fince  coa«J 
Lfitmcd  by  fereral  experiments. 

5thly,J 


I 
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5ih!jr,  The  vapour  from  fermentation  is, 
fometimes,  wonderfully  claftic,  but  that  ciaftici- 
tf  is  not  permanent.  At  firft  it  is  very  confide« 
rablc;  it  afterwards  becomes  more  languid,  till  at 
laft  it  is  entirely  loft.  The  cafe  is  nearly  the  fame 
with  the  vapour  from  effervcftence.  Though 
(he  occafion  of  thefe  differences  be  not  well 
known,  ic  may  however  be  compared  to  the  cafe 
of  water,  which,  when  reduced  to  vapour,  is  ra* 
rificd  by  heat  to  a  great  degree,  and  affords  ap- 
pearances fimilar  to  thofeof  airj  but  when  cool- 
ed and  condenfcd,  is  reduced  to  a  fimple  drop 
of  water. 

6thly,  The  vapour  of  fermentation  is  much 
more  fubtle  than  common  air;  it  palTes  through 
bodies  which  would  be  an  impenetrable  obftacle 
to  the  latter.  Mr.  de  Smeth  was  not  able  to  re- 
tain it  by  the  aid  of  lutes  ■,  a  moiftcned  bladder, 
tied  over  the  mouth  of  a  veflcl,  which  contained 
fome  fermenting  matter,  was  not  at  all  inflated 
during  the  height  of  the  fermentation ;  although 
it  wai  certain,  from  other  experiments,  that  a 
great  quantity  of  elaftic  fluid  was  difcharged. 

I  FaoAf 
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From  all  thefe  exp^itnents,  and  tht  reflexions 
accooipanying  them,  Mr.  dc  Smetb  concludes; 
that  the  appellation  oi  fixed  air  is  very  improper- 
ly given  to  the  vapours  arifing  from  fermehta- 
lion. and  from  effervefcence ;  that  this  fubftance 
was  long  fince  known  to  Van  Helmont  by  the 
name  of  Gas,  to  Boyle  by  the  name  of  Faditious 
Air,  and  by  that  of  Mftus  to  the  ancients.  That 
it  is  this  which  was  meant  to  be  defcribed  by  the 
dangerous  air  of  Avernus,  by  *  the  peftiferous 
blaft  of  the  furies ;  and  that  to  this  we  are  to 
afcribe  the  caufe  of  the  fatal  effe^  of  the  Grotto 
del  Cani,  and  feme  other  fubterraneous  places. 

Lastly,  Mr.  dc  Smcth  concludes,  that  fixed 
air  or  gas  is  npc  always  one  and  the  fame  fub* 
ftance,  but,  on  the  contrary,  is  very  various, 
multiplied,  and  different  in  itfelf.  That  fo  far 
from  being  a  particular  element,  or  htxng/tmple 
in  the  fenfe  which  chemids  give  to  that  word, 
it  did  not  exid,  primitively,  in  the  bodies  from 
which  it  is  iep^rated,  but  that  it  is  a  miafma 
formed  by  the  attrition  confcquent  upon  the  col- 
liGon  of  all  the  folid  and  fluid  parts-,  that  it  is, 
therefore,  never  produced  but  in  cafes  where  the 

bodies 


ELASTIC  VAPOURS.         115 

tefies^  fufftrr  Tiolent  inteftinc  motions,  and  tu« 
flnultnoas  (hocks,  when  their  parts,  ftriktng 
i^akift  each  other,  are  altered,  broken,  attents* 
atcd,  as  in  fermentation,  efFervcfcence,  com- 
linftion,  &c.  Mr.  de  Smeth  thinks,  that  it 
fliould  therefore  be  dtftinguifiied  inco 

Gas  vinificationis. 
Gas  acetificationis^ 
Gas  fepticum, 
.    Gas  falinum  feu  efFeVvercentiarum^ 
Gas  aqu£  et  terras  (eu  fubterriuieam* 

He  afligns,  however,  nothing  to  authorize 
thefe  diftinftions,  befides  the  feveral  odours,  ex* 
cepting  the  gas  viniRcationis,  which  occafioos 
particular  phenomena  in  the  animal  GBConomy* 

Mr.  de  Smeth,  afterwards,  brieBy  examines 
into  the  opinion  of  thofe  who  efteem  fixed  air  to 
be  the  univcHal  bond  of  the  elements,  the  ce* 
meat  of  bodies.  It  may  be  eafily  apprehended, 
after  what  has  been  declared,  that  this  opinion 
Is  not  adopted  by  him.     He  does  not  deny  that 

I  2  fixed 
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fixed  air  is  an  antileptic,  but  yet,  according  1 
iiim,  it  does  not  follow  from  thence,  either  ttv 
fixedair  inuft  originally  have  exifted  in  bodies  from 
which  it  has  been  difengaged,  or  that  it  mud  have 
contributed  to  the  cohcfion  of  their  parts,  or  their 
fiate  of  falubrity ;  on  the  contrary,  be  obl'erves, 
that  this  antiieptic  virtue  is  not  particular  to  fix- 
ed air;  but  that  all  tic  produ^s  of  fermenta- 
tion poflcfs  tbc  fame  property  ;  that  tartar,  vine- 
gar, and  fpirlt  of  wine,  arc  equally  antifcptic 
with  fixed  air.  Laftly,  he  adds,  that  every  thiri 
which  Dr.  Black's  difctples  advance,  with  refpe 
to  fixed  air,  is  equally  applicable  to  fpirit  of 
wine  \  and  that  we  may,  by  the  fame  arguments, 
maintain  that  //  is  the  cement  of  bodies  and  tilt  • 
bond  of  the  elements,  which  would,  notwid^g 
Ihnding,  be  abfurd. 


Dr.  Macbbidb  had  advanced  a  IKW  Vgtl- 
iDcnt  in  favour  of  fixed  air,  from  the  manner  i 
which  aftruigents   aifl :    their  antifcptic    vin 
>  according  to  hts  account,  depends  on  the  pn 
|Krty  which  they  poXfcfs  of  cootrafling  the  poi 
of  bodiet,  when  putrefying,  aod  by  (bat  c 
pmcnting  ehc  firparatioa  of  the  fixed  air  which 
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ii  fody  to  ckMpc  Mr.  de  Smeth  itfmes  thii 
ifgument,  and  aflferts,  chtt  we  know  loo  little  of 
die  manner  in  which  aftringents  aft,  to  be  aUi 
to  form  the  kaft  induftion  from  thence*. 


From  the  whole  of  this  work,  Mr.  de  Smeth 
cxNidudei,  that  the  doftrine  of  fixed  air  is  ereft- 

id 

*  The  fbUowing  cjqperimeats,  whick  were  ma^e  bj^ 
the  traaiUtor,  indaoed  him  to  fappofe,  that  the  fw^et- 
ening  properties  of  fixed  air  may  poffibly  depend  on  a% 
affinity  between  fited  air  and  the  feptic  partldes  tfrlfing 
Aom  potnd  bodies,  and  that  diis  air  may  ad  at  i 
mtafirumm  on  die  eflmda  emitted  by  it«  A  piece  ti 
putrid  beef,  Eiftened,  by  a  ftring,  to  a  cork,  was  con* 
fined  in  three  pints  of  fixed  air  for  thirteen  hours,  and 
was,  thereby,  confiderably,  though  not  entirely,  fweet- 
med.  But  the  air  in  the  httli  feemed  to  ifsvt  mcqmted  tdt 
tti  futrid  fmtU  of  lubitb  tbi  flejb  bad  been  defri'ved.  S<^ 
that  the  feptic  efflnWnm  did  not  appear  to  be  deftroyed^ 
but  to  have  changed  place.  Slips  of  linen  doth,  alfo, 
dipped  in  wtty  rancid  oil,  had  their  rancidity  much  di- 
miniihed  by  expofure  to  a  (beam  of  fixed  ^  from  an 
efiertefcent  mixture.  Bat  a  pint  bottle  of  the  (ame  oil 
being  fatorated  whh  this  vapour,  was  not  at  aR  fiveetea- 
cd,  thoigh  it  aUbrbed  much  air,  JtUmrfs  ExpirU^ 
mnif  tmd  Ohfirv^iims^  page  127  and  fcq.    T,  H* 

I3 
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cjf|,upon\vnGerU||n  sind  weak  ibunds^ions ;  ^h^ 
ffipfp  th^  njaoncfin  whjcb  ,t€  is.ddivcred  by  ics 
farourciXt  it  caonoc  bear  a .ierious^  ekimimcioci:) 
and  that  k  will  prove  ttf  bie  cte  mcift  opinion  cf 

•  inonienc. 

•  •■-••«.•  ••         •'       ..        " 

,», ..\#.      .•      •     ••#-    •       •    •   »i*p'«.,«,<» 

i|..  f  t  •  ■  '  ....  ..A  ... 

.'^To  diis  jekamination  of  Dr...Black*ji  fyftem; 
Mr.^  de  Scncth  adds  two  inctrcfting  ob&rvationsy 
on  the  air  of  the  wells  at  Utrech^  and  on  chat 

iMiidi  prdoeeds  firofn  burning  chai^^    =^  '       ^ 

• 

•  ■     •  I  . ..  • 

.  -  1  ■  .        •■    '    I 

I^HE  wells  at  Utr^cHt  are  from  eight  to  twenty 

^bet  in  depth;  it  has  been  the  cuftom  to  make 

ttfeofpumps  to  raife  the  water,  and  they  are 

then  covered  over  with  a  kind  of  arch.    When, 

irter  a  certain  period  of  time,  the  wells  are  open^ 

cd,  on  any  account,  it  is  neceiTary  to  leave  them 

uncovered  for  twelve  hours^  before  any  perfon 

def^end  into  them  \  whoever  ihould  venture  to 

go  down  into  them  fooner,  would  expofe  himfelf 

to  immediate  death.    The  air  of  tbefe  wells  ex* 

■-  •  I  * 

t}Qgiii(be9  candle^,  like  that  acquired  from  fer- 
ippntafionor  efiervefoence  {,  it  precipitates,  aUb^ 
the  lime  from  lime-water^  tod  changes  It  to  m 
cdouroui  «arth )  jo  (hort,  it  has  all  the  proper* 

ties 
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tics  of  that  which  we  call  fixed  air ;  the  water» 
however,  from  thefe  wells,  is  not  the  lefs  (klu* 
brious.' 

Mr.  de  Smeth  has  alfo  proved,  that  the  air 
which  has  pafled  through  burning  charcoal,  has 
much  the  fame  properties  as  fixed  air  \  It  preci- 
pitates lime-water,  and  reftores  the  property  of 
effervefcing  with  acids  to  cauftic  alkalis.  He 
fliews  the-manner  of  combining  this  air  with  dif- 
ferent fubftances,  in  the  vacuum  of  an  air  pump; 
and  he  obferves,  that  when  the  volatile  cauftic 
alkali  is  employed,  at  the  inftant  the  air  frooi 
the  charcoal  enters  the  receiver,  a  very  confide- 
rable  aggregation  of  fmoke  is  obfervable,  arifing 
from  the  volatile  alkali. 

It  is  eafy  to  perceive,  from  the  account  which 
has  been'givtfn  of  Mr.  de  Smcth*s  work,  that  he 
has  endeavoured  to.embracc  an  intermediate  opi- 
nion between  thofe  of  Dr.  Black,  and  of  Mr. 
Meyer :  but  that  his  fyftem,  at  the  fame  time, 
does  not  always  agree  with  his  own  experiments. 
His  treatife,  otherwife,  is  clear,  methodical,  and 
well  written.     His  experiments    are  properly 

1 4  made. 
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made,  and,  'in  gCDcral,  accurate  and  true.  I 
{peak,  a(  Icitt,  of  fuch  as  I  hive  had  occafion  to 
repeat  i  and  thofc  are  the  greater  part  of  ihem. 


CHAPTER    XV. 
On.  PRIESTLEY'S  INQUIRIES  concirniko  "J 

DIFFERENT  I^INDS  OF  AlR. 

NOTHING  now  remains  to  complete  the 
objeft  which  I  propofed  to  myfcif  in  thit 
firft  part,  but  to  give  an  account  of  a  numerous 
feries  of  experiments,  communicated  laft  year  to 
the  Royai  Society  of  London  by  Dr.  PriefVlcy*. 
This  work  may  be  regarded  as  the  moft  elabo- 
rate, and  motl  intercfting,  of  an/  which  has  ap- 
peared 

*  Tiiisi  experiinenu  of  Dr.  PncfUcy,  were  paMi(he4 
In  En^Hfti  at  the  latter  end  of  ihe  year  1771.  1  had  al- 
miy  been,  feme  litnr,  cflnployed  on  the  fame  fobjeft, 
tnd  1  htd  dcclaral,  in  11  paper  depo&nd  with  ihc  Royai 
Acodtmy  of  Science*,  on  the  ta&  oT  Novembrr  1772,  dut 
a  very  great  quantiiy  of  air  «u  feparated,  during  the  ic- 
duflion  of  metals. 


r 
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peared  Once  thac  of  Dr.  Hates,  on  the  Rxacion 
and  leparation  of  Air.  No  modern  work  has 
feemed  to  me  more  adapted  lo  evince  how  many 
new  roads  Philofophy  and  Chcmiftry  ftill  point 
out  to  travel  over. 

Dr.  Pbiutlby's  work,  beii^,  as  it  were,  a 
train  of  experinKncs,  not  much  interrupted  by 
any  reafoning,  an  aflTemblage  of  fafls,  moftly 
ncwj  whether  confidcred  by  thcmfelvcs,  or  by 
the  circumftances  which  accompany  them,  it 
may  be  imagined  that  it  is  little  capable  of  a- 
bridgment ;  I  (hall  therefore  be  obliged  to  folbw 
him,  (lep  by  ftep,  in  the  account  which  I  aoi 
gMng  to  give  of  hts  experiments,  and  my  extra£t 
will  be  nearly  as  long  as  bis  treatile. 

SECTION     r. 

Or    FIXED    AIR- 

Dr.  Priestlbv  firft  examines  that  which  is 

properly  caUcd  Fixed  Air,  which  is  the  produifl: 

of  fpirittwui  ftrBMhtatioa  or  of  fome  effervci:. 

ana. 
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cencc.  Tfie  breweries  afforded  him  a  plain  and 
eafy  method  of  obiaintng  2  great  quantity  of  this 
air  in  an  almoft  perfcft  ftatc  of  purity  ■.  There 
is  always  a  body  of  it,  nine  inches  in  depth 
over  the  tubs  in  which  the  beer  is  fermented, 
and  as  there  is  a  conftant  freth  fupply  from  the 
frrmenting  liquor,  it  is  but  littie  mixed,  for  that 
rtiicknefs,  with  the  neighbouring  air. 

This  air,  according  CO  Dr.  Black's  experi- 
ments, h  heavier  than  atmofphcric  air,  and  it  is 
doubtlcfs  for  this  realbn,  thac  it  continues,  in  a 
manner,  attached  to  the  furface  of  the  beer  with- 
out feparaiing  from  it;  it  is  alfo  on  account  of 
its  fupcrior  gravity,  that  it  may  be  conveyed  from 
one  room  to  another  in  an  open  bottle,  provided  | 
the  mouth  of  the  bottle  be  kept  upwards  ;  the 
fixed 

*  D>.  pRiFiTiCY  fpttita  o{  xhis  \i\ni  o(  air  i»  (uBd- 
ectljr  pure  for-  many  purpo&t,  but,  from  iti  couUiiDally 
mixiog  with  common  lur,  (m  from  being  petfe&iy  pare. 
Mr.  LivoiUcr  hu,  ia  fome  oUicr  ioAancci,  eiprclTed 
hjinfcir  in  flroDgcr  terms  ihan  ihofc  which  Dr.  PitelUcy 
hu  nfcd,  ind  romciimei  milUlcen  hii  meaning  i  1  bare, 
in  tlicJe  calct,  ofua  taken  ifac  liberty  of  reAoring  tibt 
Poflor'icxpreflioni,  isAcad  of  (ran  dating  lHe  ik<or(U  ofay 
mnthor,    T.  H. 
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filled  air^  for  fome  momeacs,  not  ifiixrng  much 
with,  that  of  the  atmofpherc.  Though  this  fu- 
pcnprity  of  weight  appear  to  be  Well  cftabliflied 
by  thcfe  experiments.  Dr.  Prieftley  relates  others, 
alfo,  which  might  almoH:  induce  us  to  change 
our  opinion.  He  informs  us  that  we  may  place  a 
lighted  candle  in  a'  receiver  filled  with  atmofphcric 
air,  and  then  plunge  it,  with  its  mouth  upwards 
into  an  atmofphere  of  fixed  air,  and  yet  the  can- 
die  Ihall  continue  to  burn.  The  fixed  air,  in 
this  experiment,  does  not,  then,  difplace  the 
atmofpheric  air,  and  confequently  is  not  heavier:  ^ 
if  on  the  contrary  the  mouth  of  the  jar,  inftead 
of  being  upwards,  be  turned  downwards,  and 
efpecially  if  a  narrow  necked  veflel  be  employed, 
the  two  kinds  of  air  will,  in  time,  be  perfe£tly 
mixed  *.  Suppofing  that  thefe  experiments  do 
not  prove  an  excefs  of  gravity  in  atmofpheric 
air  •,  we  may  at  leaft  conclude  that  they  are  very 

nearly 

*  Mr.  Lavoisier  has  mifinterpreted  this  pafrage;*Dr« 
Prieftley 'i  words  are,  **  A  candle  put  under  a  large  receiver, 
and  immediately  plunged  very  deep  below  the  furface'  of 
the  fixed  air,  will  bum  fome  time.  But  vefTels  with  the 
fmaUift  orifices^  with  their  mouths  downwards  in  the  fixed  air, 
will,  im  timif  have  the  common  air,  which  they  contain,  per- 
ftftly  mixed  with  it."    T.H. 
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nearly  equi-ponderant,  and  this  Teems  to  have 
been  confirmed  by  Dr.  Hates's  experiments  on 
air  leparaied  from  tartar,  and  thofe  of  Mr. 
Bucqucc  OD  that  pnduocd  from  efftrvefcent 


Dk.  PaixsTLEY  has  alfo  obferred  that  a  can. 
die,  charcoal,  and  a  piece  of  red*hot  wood  were 
exdnguifhcd,  as  foon  as  they  were  plunged  into 
tbe  atmofphere  of  fixed  air,  which  occupied  the 
furface  of  a  tub  of  fermenting   beer  :  but  it  is 
mod  worthy  of  remark  that  this  air  fecms  to  re- 
itain  the  fmoke,  which  floats  upon  the  furface  of 
it  without  fcparation-,  it  there  forms  a  bed  fmooth 
and  well  defined^  above,  but  ragged,  beneath, 
feveral  parts  hanging  down  to  a  confiderabBS* , 
diftance  within  the  body  of  the  fixed  air.    Whdl 
this  fixed  air  is  very  drong,  the  fmoke  of  a  fmafi' ' 
quantity  of  gun-powder  fired  in  it  willbcwhol^  « 
retained  by  it,  no  part  cfcaping  into  the  com- 
"^  mon  air. 


Dii.  pRiESTLEV  has  alio  obfervnl,  tliat  the 

fixed  air  from  fermenting  beer,  combines  eafily 

with  tbe  vapour  of  water,  aa  alio  with  the  fmoke 

of 


■         ofn 
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of  roGn,  fulphur  and  other  elc^ncal  fubftancfs ; 
yet  by  holding  the  wire  of  a  charged  phial  a- 
CDoag  thefe  fumes,  he  could  not  make  any  dec- 
incal  atmofphere. 

A  SHOAT  time  before  the  pubhcation  of  thcfe 
papen.  Dr.  Prieftlcy  had  pubhthed  a  fmall  pam- 
phlet* on  the  manner  ofimpregnating  water  with 
fixed  air,  and  communicating  to  it  the  proper- 
ties of  thofe  acidulous  or  aerial  waters  which  are 
fb  frequently  met  with  in  a  natural  (late.  His 
proccis  conCIl3  in  receiving  the  air,  produced  by 
an  cffervelcence  from  chalic  and  oil  of  vitriol^ 
into  a  bladder ;  making  ic  pafs  from  chence,  by 
means  of  a  fyphon,  into  a  bottle  filled  with  wa- 
ter and  inverted  into  a  veffcl  in  (he  form  of  a 
baToa  wUh  a  little  water  in  it,  and  then  agttar 
ling  the  bottle  ftrongly;  the  water,  by  thli  pro- 
ceb,  abforbs  almoft  all  the  air  introduced  into 
the  bottle,  and  by  repeating  the  operation,  a 
quantity  of  air,  fomething  more  than  equal  to 
the  bulk  of  the  wner  may  be  united  to  it.  Dr. 
Ptieftley 

^  *  Dift^VfTM  £ax  mpc^imjf^  watet  with  fUed  4i> 
^"Jk-Ur^,  1771.' 
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Pricftlcy  here  gives  us  a  ftill  more  fimple  meiho( 
I  of  producing  this  union,  viz.  to  place  an  opd 
wnel,  Bllcd  with  water,  in  an  atmofphere  of  fix^l 
od  airarifing  from  fermenting  wort;  and  it  be- 
^  comes,  in  a  fhort  time,  fimilar  to  the  acidulou*  i 
waters.      This   combination    is  accelerated,    by 
pouring  the  water  from  one  veflcl  10  anothet^ 
expofcd  to  the  fame  atmofphere  j  in  a  few  mi*'  ^ 
nutcs,  the  Dotflor  has  thus  given  il  an  appeiF>-  ' 
ance  hardly  diftingui (liable  from  very  good  Pyrt 
monc,  or  rather  Seltzer  water.     The  fame  effeft  I 
jnay  alfo  be  produced  by  filling  a  receiver  with' 
fixed  air  at  the  breweries,  and  invening  it  into  f  j 
balbn  full  of  water ;    the  water  infcnfibly  abf'orbt  ' 
and  dilTolves  the  fixed  air,  and  ritci  proportion-, 
tbly  in  the  receiver :   this  is  a  very  commodioasf  ] 
I  method  of  uniting  fixed  air  with  all  kinds  of  lt«  , 
quars,  and  may  fcrvc  to  reflore  briflcnrfs  to  Bat 
wines  and  fpirituous  liquors  which  are  become 
vapid. 


It  appears  from  Dr.  Prieftlcy's  experlmenti 

ihat  water  cannot  abfyrb  the  whole  ofthcak 

I  Ranted  by  et^rvefccncc  or  by  fermenution^ 

however  pure  it  may  be,  a  portion  remains  utv 

abforbed, 
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Afitftad,'  in  which  tdougi^  burning  tlodici  be 
cstdiqg^ifiied^  animals  can,,  however,  refpire. 


•r . 


f  -It-  has  been  already  fcj^n,  from  Dr.  Hales's 
experiments,  that  a  mixture  of  iron  filings  and 
brimftone,  placed  under  an  inverted  glafs  bell, 
dilQitoUbed  the  bulk  of  air  in  which  it  was  con- 
fioedrf  Dr.  Prieftley  has  obferved  the  fame  di^ 
minution  to  take  place  when  be  employed  fixed, 
inftead ^f  common,  ait;  and  that,  the  fixed  air, 
ihna  diminilhed  in  its  volume,  did  not  appear  to 
be  (b  nofl^ious  to  animals  as  before  its  diminud^ 
on,  qor  to  difier  fo  much  from  common  air, 
but  he  remarks  that  this  change  may  be  attribu- 
ted to  his  having  inadwrtently  agitated  the  di- 
noini(bed  air  in  water.  Dr.  Prieftley  was  onico 
ksd  to  ^pnclude  from  hence,  that  it  is  phlogifton 
jvhich  fixed  air  wants  to  make  it  common  air  *, 

though 

*  In  the  account  which  Dr.  Prieftley  ha»  fince  poir 
llihed,  of  farther  experiments  made  on  different  kinds 
of  air,  we  £nd  him  confirmed  in  the  CQ|ije(Qiire»  diat 
fixed  air  is  capable  of  forming  an  union  with  phlogifloo, 
and  thereby  becoming  immifcible  •  with  water.  This 
eiTed  be  haa  before  produced  by  meant  of  ir6a  filings 
and  brimfione^  bat  bat -fince  bad  a  much  more  ^fedfirtt 
and  elegant  proof  of  it  by  eledri^ity.  Vide  Do6ter 
Prieftlejf's  Experiments  and  Obfervatiooa  on  different  kiqdt 
of  air,  page  248.    T.  H. 
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though  he  acknowledged  himfclf  ignorant  of  t 
method  of  combiniog  Ihe^^^  and  that  when  1 
calcined  a  quantity  of  lead  in  fixed  air,  it  d 
&o[  feent  to  have  bees  lefs  foluble  in  water  than 
it  was  before. 

Da.  pRtESTLEV  has  alfo  repeated  tnoft  of  th 
Honourable  Mr.  Cavendifh's  experiments  on  tbtJ 
tliflblving  power  of  water  impregnated  with  fitf 
cd  air.  He  has  obfcrvcd,  with  that  gentleman  \  \ 
that  it  readily  difiblvcs  iron,  but  that  it  does  not 
make  a  complete  Iblution  of  ^p;  that  it  changes 
the  blue  juice  of  tournfole  into  red.     This  laft 
obfervation   feems  declarative  of  its  containing 
iocne  portion  of  acid  *,  fome  experiments,  how* 
ever,  will  appear,  in  the  fequel,  contradidory  la  i 
this  opioton  f .     Water,  thus  impregnated  wick  1 
gxed 


*  ■•  Ok  rathcf  widi  Mr.  tanc.  It  tppnn,  hovrerer, 
•'  that  ixed  air,  tritlUMit  wattTi  h^  no  f«h  powtr." 
ihiil.  page  2{0. 

t  Mk.  Hir'iocptriaiciMi,  towfckh  Mr.  L«rafier  bir* 
iUnda,  W*<t  only  W  ptent  iltit  wvtcr  iBprtgnitod  milk 
fijcad  lir  u  Dot  madt  add  ^  lir  viarMW  miul  My  WmI* 


^k 
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fiited  »ir,  eafily  parts  with  it  when  heated,  when 
freezing,  and  in  ihc  vacuum  of  an  air  piimp. 

Dr.  Priestley  was  defiroui  of  knowing, 
from  his  own  obfervacion,  the  cffcft  of  fixed  air 
on  animals:  chofc  which  breathed  ir,  pcrilhcd 
inftantly,  he  remarked,  that  their  lungs  were 
white  and  collapfcd,  and  he  could  not  perceive 
in  them  any  other  caufe  of  death.  Infedls,  fuch 
as  butterflies,  and  flies  of  other  kinds,  foon  be- 
come torpid  and  apparently  dead,  but  may  eafily 
be  revived,  by  being  expofed  to  a  current  of 
common  air.  The  effeft  is  nearly  the  fame  on 
frt^}  but  a  fnail,  treated  in  the  fame  manner, 
died  prefeutly. 

Fixed  air  is  not  lefs  fatal  to  vegetable  than  to 
animal  life.  A  fprigof  mint,  growing  in  water, 
placed  over  feme  fermenting  liquor,  became 
quite  dead  in  one  day ;  a  red  rofc  became  of  a 
purple  colour,  on  being  expofcd  to  the  vapour 
from  fermentation,  in  twenty-four  hours;  buc 
various  other  flowers  were  little  afie^ted*. 

Whek 

*  Da-  Pkisitliy  relito  that  inoiher  rofc  turned  per- 

ftAIj  white  ia  the  Cine  fiiuition;  but  he  atknowlcisei 
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-  Wh^w  D^.  Prieftkjr  hid  fepanittd.  fiited  dr. 
from  chalk  by  its  oombimridn  whh  acids,  he 
tried  alio  to  detach  it  by  fire ;  and,  for  this  pur- 
poie^  made  ufe  of  a  guo-barrek  '  One  half  of 
tte  iic  which  he  (4>tained,  by  this  procefi,  wai 
ttptbk  of  being  abforbcd  by  utettr,  the  other 
Intf  inflammable;   ^  * 


SECTION     II. 

Of  Air  in  which  a  Candle,  o&  Brimstone, 

has  burnbd  out. 

AFTER  having  examined  the  properties  of 
{bced  air,  Dr.  Prieftley  relates  the  experiments 
^  '  he 

tktt  tht  experiments  were  not  repested,  and  exprefles  a 
wifli  that  it  might  be  done,  in  pwe  fixed  air  excniAad 
from  chalk  by  meant  of  oil  of  vitriol.  In  the  fammer  of 
1774  the  tranflator  of  this  treatUe,  expofed  feveral  rofes^ 
and  other  flowers  to  the  vapour  arifing  from  an  eflervefcing 
mixtare,  formed  with  thofe  ingredientSi  without  perceiving 
wij  change  in  their  colour;  nor  does  fixed  air  fo  obuined 
prove  fatal  to  vegetation,  as  appears  from  Comt  ingenious 
experiments  .with  which  Dn  Perdval  intends  to  favour  the 
pBhjic.    T.H. 
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he  has  made  on  ponions  of  ^imofpheric  air, 
which  he  conBned  in  glafs  receivers,  and  in 
which  candles  or  fulphur  had  burned  out. 

The  air,  thus  confined,  diminifhed  about 
one- fifteenth,  or  onc'lixteenth,  in  its  bulk,  which 
n  one-third  as  much,  according  to  Dr.  Prieftley, 
as  can  be  induced,  either  by  the  rcfpiration  of 
animals,  the  corruption  of  animal  or  vegetable 
Aibftances,  the  calcination  of  metals,  or  by  a 
mixture  of  fulphur  and  iron  filings,  One  lingu- 
lar circumftance,  and  which  may  throw  fome 
light  on  this  phenomenon,  is  that  this  diminution 
does  not,  always,  immediately  take  place ;  but 
that  it  is  fomeiimes  not  reduced  till  it  has  pafied 
feveral  times  through  a  quantity  of  water,  and 
been  agitated  with  it  1  the  fixed  part  combines 
with  the  water,  and  it  is  not  till  then  that  the 
dimjaucion  is  el7e£tcd.  But  the  diminution  is 
generally  inconfiderabic,  if  the  air  have  flood  in 
quickGlver,  there  not  being  any  fubftance  ex- 
pofed  to  the  air  that  could  abforb  any  part  of  it. 


These  Acpcriments  of  Dr.  Fricllley  confirm 
K  2  what 
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what  Dr  Hales  had  furpcded,  viz.  chat  air, 
confined  in  a  rrcdver,  does  not  diminlfb  in  bulk, 
in  propDrtion  to  the  quantity  of  fulphur  burtM 
in  it.  Dr  Pricflley  has  proved  that  this  diniin 
tion  has  bounds  which  cannot  be  exceeded,  i 
that,  whenever  he  ufcd  a  fuificient  quantity  of 
fulphur,  it  was  always  the  lame  in  proportion  to 
&he  fize  of  the  receiver. 

Atmospheric  air  conGncd  in  a  receiver,  i 
quires  the  property  of  uniting  with  lime-water 
and  precipitating  the  lime,  when  cither  wax 
candlef,  tallow  candles,  fpiric  of  wine,  ether 
or  any  other  fubftance,  except  brimftonc,  is 
burned  in  it*;  and  the  realbn  why  the  lad  named 
body  does  not  produce  the  fame  cffed.  Dr.  Prieft. 
ley  thinks,  may  be  deduced  fropi  the  acid  va- 
pour (^  the  fulphur  uniting  with  the  lime,  dit^ 
folving  it,  and  preventing  its  precipitation. 

Da 

"  Dk.  PfttiiTLir  fafpeGed,  at  tiat  rime,   that  iS^ 
phciiocnciu  produced  in  common  tdt  by  ihcfe  methods, 
were  canfcd  bjr  the  aftion  gf  pUogiftiui  let  loolV  from 
llwlc  bodiei,    in  Hie  pnxxti,  ovcichusing  ibc  air,  and 
fitb(c<iittnt  expcriracnu  bavc  icndcd  to  cooira  bim  in  this 


r 
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Dii>  Hales,  in  liis  vcgeuble  ftatics,  attii- 
btnti  tbc  diminucion  of  the  volume  of  air  to  the 
loTs  of  its  dafliidty ;  ia  this  cale,  the  air  fo  re- 
duced, ought  to  have  a  greater  degree  of  fpeciftc 
gravity  than  it  before  poflefled  ■,  Dr.  Pricttlt7, 
however,  believes,  that  it  certainly  becomes, 
on  the  contrary,  rather  lighter;  and  he  therefore 
concludes  that  it  is  the  fixed  part  of  the  air  and 
its  heavier  portion  which  is  precipitated.  * 

It  ia  univerfally  known  that  a  wax  or  taHow 
candle,  lighted  and  placed  under  a  receiver,  can- 
not burn  long-,  it  goes  out;  and  if  we  attempt 
to  place  frefh  ones  there,  they  arc  immediately 
exiinguifhed.  M.  de  Saluces,  tn  the  Turin 
Memoirs,  vol.  I.  page  41,  attributes  this  efFeft 
to  the  rarefadtion  cauled  by  the  heat,  and  he 
ftippofes  that  the  air  may  be  recovered  by  com- 
prelTing 

opinioD,  haviog  found  that  every  body  which  emUf  pUo. 
gtAon,  and  among  others,  the  clcflric  fpatlc,  dimiui/hct 
comDon  lir.  He  conjeflurw  that  the  phlogiSon  having  a 
□carer  affinity  with  fame  of  the  conftiinrnt  parts  of  the  air, 
than  die  lixed  air  which  mtert  into  the  cotnpofi[!oa  of  ii, 
the  buer  u  confe^wntly  precipiuicd. 
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preRing  it  in  bladders.  Dr.  Pritftley  a{ 
with  him  as  CO  the  truth  of  the  experiments, 
he  denies  ihe  confcquenccs  :  he  imagines  that' 
the  cffedl  cannot  be  owing  to  comprefnon  alone, 
bccaufe  the  experinimi  will  not  fuccced,  except 
in  bladders:  and  he  afTutes  us  that  he  had  tried, 
in  vain,  a  very  (lron<»  degree  of  comprcflion, 
in  glafs  veflets,  without  the  quantity  of  the  air 
being  refloccd.  He  alio  brings  another  experi- 
ment in  aid  of  the  above  ;  he  filled  an  exhauft- 
ed  receiver  with  air  which  had  paiTed  through 
A  glals  tube  made  red-hot,  and  found  that  a  can> 
die  would  bum  in  il  pcrfeflly  well.  The  ex- 
tinftion,  therefore  of  wax  and  tallow  candies, 
confined  in  clofe  veOels,  cannot  be  owing  to 
the  rarefat^lion  of  the  air  onl}^. 


Animals,  from  Dr.  Pricftley's  experiment*, 
live  as  long  in  air  in  which  candles  have  burned 
out  as  in  common  air.     He  alfo  obfervcd  the 
fameof  air  in  which  brimftone  has  burned,  af- 
ter the  vapours  have  had  time  to  fubfide.     Net-  . 
thcr  is  this  air  more  noxious  to  vegetables  ;  D^4 
friftley  has  kept  different  kinds  of  plants  grow*" 
irig  In  it,  without  their  being  particularly  aKft* 
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td^y  it,  9ut  the  mod  remarkable  circumftance 
W9$9  that  the  air  was  afterwards  re-eftabliOied 
in  the  ftate  of  common  air^  and  candles  agairit 
burned  in  it  as  at  firft  *. 


SECTION     III. 

Of   inflammable   air. 

0 
Dr.  PRIESTLEY  firft  dcfcribes  the  method 

bjr  which  he  obtains  inflammable  air,  which  i^ 

the  fame  as  that  deferibed  by  Mr.  Cavendilk  UL 

the  Philofophical   Tranfadioos:    it  confifts  iii 

forming  foludons  of  iron,  zinc  or  tin,  but  efpe*- 

cially  the  two  former,  in  the  vitriolic  acid,  and 

catching  the  air  or  rather  elaftic  fluid,  feparated 

by  the  effervefcence,  either  in  bladders'  or  other^ 

wile.    But  when  he  extracted  it  from  vegetable 

or  animal  fubftances,  or  from  pit- coals,  he  put 

them  into  a  gun  barrel,  to  the  orifice  of  which 

he 

• 

*  Dr.  Pkiestlby  conjedurcs  that  this  recovery  of  die 
air  to  it's  former  Aate,  is  efiefled  by  the  pUntt  imbibing 
the  phlogiftic  matter  with  which  it  is  overloaded  by  die 
btiming  of  inflammable  bodies. 

K  + 


t36    HISTORICAL  ACCOUNT  OF 

^e  luted  a  glafs'tube  or  the  ftem  of  a  tobacco-  ' 
9jpc  to  the  other  end  of  which  he  tied  a  Baccid 
bladder. 

The  quantity  of  inBammable  air  which  is  ob- 
tained by  the  procefs,  depends  very  eflcntialiy  on 
the  degree  of  heat  eniployed.  A  fudden  and 
violent  heat  procures  fuc  or  leveo  times  as  much 
as  when  the  heat  is  appUed  more  gradually, 
though  increaJed  10  ever  fo  great  a  degree,  at 
i^e  end  of  tlie  operatioti.  A  bit  tif  dry  oak 
weighing  ten  or  twelve  grains,  will  generall/ 
field  about  a  (heep's  bladder  full  of  inBammabk 
^,  fuppofmg  the  heat  w  be  fufHciently  briik. 


Da.  Priestlbv  has  alio  remarked,  in  thi| 
f  icfpcd,  that  the  air  obtained  frpm  Iblutions  if 
I  igiorc  inflaramabW  in  proportion  a»  the  efTcrvef- 
f.eencc  is  more  bri/ki  but  in  this  experiment,  as 
)  lui  all  the  others,  he  made  ule  of  bladders ;  and 
il  mud  be  acknowledged,  that  this  circumftance 
I  i^  capable  of  throwing  fonie  uncertainty  on  the 
LfHutls.  The  doubts  which  may  be  fortned,  on 
U^ii  head,  feem  aifo  conGrmed  by  other  pa/Tagos 
1^  his  memoir:  he  owns  that  ioflammable  air 
penetraies 
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penetrates  bladders,  and  even  cork,  and  that 
there  is  no  other  way  of  prefcrving  it,  than  by 
corking  clofely  the  bottles  which  contain  it,  and 
inverting  them  with  their  mouiha  downwards, 
ioto  a  vcflcl  of  water. 

Having  inllrufled  us  how  to  obtain  and  pre- 
ferve  inflammable  air.  Dr.  Piieftley  examines  in- 
to the  degree  of  its  affinity  with  water  i  he  firft  re- 
marks, that  if  it  be  kept  in  a  bottle  inverted  into 
a  bafon  of  water,  the  furfacc  of  the  water  be- 
comes covered  with  a  fixed  matter,  which  is  a 
red  okre  when  it  has  been  generated  from  iron, 
but  whiiifh  when  extraded  from  zinc. 

Though  the  combination  of  this  air  with 
water,  be  not  any  thing  near  fo  eafy  as  that  of 
fixed  air,  it  may  however  be  accomplifhed  by 
ftrong  agitation.  About  a  fourth  part  of  inflam- 
mable air  is  abforbed  in  this  operation  i  if  the 
agitation  be  long  continued  the  air  lofcs  its -in* 
Aammabiliiy,  and  the  remainder  does  not  fcem 
to  differ  from  common  air  •. 

Inflammabls 

'  'Dt.  PmietTLiT  Uji,  "  iiadmittei  a  candle  tobura 
Id  h  tike  common  air,  only  more  faintly  ;  and  indeed  by 
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Inflammable  air,  produced  from  oak,   h» 
this  peculiarity,  that  water  abforbed  about  one  haif  l 
of  its  bulk  -,  but  this  circumnance  is  probably  I 
to  be  accounted  for,  from  the  mixture  of  a  por^  i 
lion  oi fixed,  with  the  infiammable,  air.     The  rc^ 
liduum  alfo  in  this,  as  in  the  preceding  experi> 
mem,  differs  not  from  common  air. 

A 
Dn.  Priestley  did  not  fail  to  examine  intff  J 
,the  effed  of  inflammable  air  on  animals,  an^  J 
vegetables;  the  firft  were  thrown  into  convulp  I 
fions,  which  Coon  terminated  in  death  f,  nearly  j 
in  the  fame  manner  as  when  they  are  plunge^  ] 
into  fixed  air.  Whatever  number  of  anima^  \ 
thus  perilhed  in  it,  the  noxious  quality  of  the  air  J 
'itiaa  not  diminifticd,  and  its  a^ion  was  as  grett  J 


the  tell  «[  nitroiu  aJr,   It  did  nor  appeal-  to  be  near  Gi 
good  29  common  atr."  T.  H. 

+  Two  wafpi,  having  been  put  into  inflammable  air, 
sad  filtered  to  remain  in  it  near  an  hoar,  prdcncly  ccat 
ed  to  move  and  Teemed  to  be  quite  dead  for  about  half  tt  . 
hour  afier  they  were  uken  into  the  open   ur,  but  l' 
tbey  revived,  and,    were   foon,    quite  recovered.    PHdU  j 
|ey'iB]cperiBWBUandObf«mtM»uoaAir,pagea47.T.Ht  ' 
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Q|i  die  laft  as  on  the  firft.    As  to  vegetables,  it 
did  not  appear  that  infiammable  air,  remarkably^: 
prejudiced  their  growth  ;   thefe  laft  experiments 
were  made  with  air  drawn  from  zinc  and  from  oak» 

These  difFerent  experiments  induced  Doftor 
Prieftley  to  imagine,  that  different  kinds  of  air, 
mixed  together,  might  corred  each  other :  he^ 
accordingly,  proceeded  to  mix  inflammable  ^r, 
with  air  which  animals  had  refpired,  and  he  found 
that  the  mixture  was  not  inflammable.  Irtie 
fame  event  did  not  refultfrom  a  mixture  of  &fe^ 
with  inflammable  air,  for  the  latter  retained  its 
inflammability  ;  they  even  appeared  toHiave  had 
very  little  influence  on  each  other,  for  though  they 
were  kept,  thus  mixed,  daring  three  years,  they 
were  eafily  feparated  by  fimple  agitation  in  water. 
Air  the  fixed  air  was  abforbed,  and  the  remainder 
was  equally  inflammable  as  at  firft. 

It  was  natural  to  fuppofe  that  inflammable"  air 
muft  be  loaded  with  phlogifton-,  yet  it  coaM 
not  be  abforbed  either  by  oil  of  vitriol  or  fpirit 
of  nitre,  notwithfl:anding  the  great  affinity  whicl^ 
tbofe  acids  have  with  phlogifton -»  it  does  not 

uniee 
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unite  with  the  fumes  of  fmoking  fpirit  of  nitre^ 
nor  if  its  inflammability  even  dinunilhed  *. 


SECTION     IV. 

Of   AI&    INFECTED  WITH  ANIMAL  RBSPIRATIOM 

OR   PUTREFACTION. 

AIR  which  Jias  fenred,  fi>me  timcy  for  the 
refpirttion  of  animals,  has  loft  the  property  of 
fupporting  the  lives  of  other  animals.  When  an 
animal  has  died  in  this  air  and  another  is  fubfti- 
tuted  to  t|ie  firft,  it  perifhes  inftantly  and  in  the 
firft  attempt  to  refpire.  It  fhould  feem  however 
that  animals  may,  by  habit,  become  capable, 
to  a  certain  point,  of  breathing  noxious  air: 

Br. 

*  Dr.  P&iESTLEY  has  fince  difcovered  that  the  eleflric 
fparky  taken  in  any  kind  of  oil,  produces  inHammable 
Sur ;  that  inflammable  air  is  not  changed  by  being  made 
to  pari  feveral  times  through  a  red  hot  iron  tabe ;  and 
(hat  it  is  no  more  diminiihed  or  changed  by  the  fumes  of 
liver  of  fulphur,  or  by  the  elefUic  fpark,  than  he  had  be- 
fore obferved  it  to  be  by  a  mixture  of  iron  filings  and 
brimftone.  Prieftley's  Experiments  and  Obierrations  on 
Mff  page  247. 


^i.' 
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^4  Pcicftlqr  bat  «agall]r  obfervcd  thit  althou^ 
aa  animal  will  live  tolerably  in  air  in  which  it 

r 

hag  continued  for  a  coafiderable  timc»  yet  if  ao^ 
other  animal  be  placed  in  the  fame  air»  it  wiU 
perifh  immediately,  though  the  former  will  live 
ibr  feveral  minutes  longen  Young  animals, 
ca^teris  paribus,  bear  this  trial  longer  than  old 
pnes.  Thefe  circumftances  occafion  fuch  fre* 
quent  variations  in  the  refult  of  the  experiments^ 
that  nothing  can  be  precifely  determined  iirom 
them,  without  repeating  them  very  frequetttl]r.H 

Air  which  has  thus  ftrved  the  purpofe  of 
animal  reipiration  is  no  longer  comnjon  air  i  it 
approaches  to  the  nature  of  fixed  air,  in  as  much 
as  it  is  capable  of  combining  with  lime-water  ^ 
and  precipitating  the  lime  from  it,  in  form  oin 
calcareous  earth  -,  but  it  differs  from  fixed  air^ 

• 

i(t.  That  being  mixed  with  common  air  it  di- 
minifhes  its  buU^f ,  whereas  fixed  air  ificreaiea  iti 

2dly. 

*  The  whole  of  the  sdr  which  has  been  refpired  does 
not  comUne  with  lime-water.  It  is  the  fixed  principle 
which  has  been  precipitated,  by  this  procefiy  htm  the  tir 

which  poflefles  this  property. 

t  The  phlogifton  emitted  by  animal  rtCjixMOBa  dimi« 

Aiflies 
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^dly.  That  it  can  remain  in  cmitaft  with  water 
without  being  abforbed  by  it  (  jdly.  That  in- 
fers and  vegetables  can  live  in  it|  whereas  they 
fieriih  in  fixed  air. 

.  *  Dr.  Priestlev,  afterwards,  fliews,  that  there 
il  t  very  perfeft  analogy  between  this  air,  and 
diat  in  which  animal  or  vegetable  fubftances 
lunre  putrefied:  both  exttnguifh  flame,  and 
«e  fatal  to  animals;  both  equally  precipitate 
lime-watjET;  the  gravity  of  each  is  equal,  and 
each  of  them  may  be  rcftored  to  the  ftatc  of 
common  air  by  the  fame  methods :  the  Do£tor 
concludes,  from  this  analogy,  that  the  principal 
ufe  of  the  lungs,  in  animals,  is  to  procure  the 
evacuation  of  a  putrid  effluvium,  which  would 
corrupt  the  living  body  in  the  fame  manner  that 
it  produces^  corruption  in  thofe  which  are  dead. 

Dr.  Priestley  had  the  curiofity  to  inquire 

into 


lUhet  common  air ;  bat  air,  fo  diminiihed,  is  not  capable 
of  prodadng  any  dimination  in  a  quantity  of  frefli  air# 
T.H. 


I 

I 
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into  the  diminution  of  air  which  is  produced  ei- 
iber  by  the  putrefaftion  of  animal  fubftances, 
or  by  the  retpiration  of  animals.  A  moufe  hav- 
ing putrc6ed  in  a  given  quantity  of  air,  its  vo- 
lome  was  increafed  for  a  few  days,  but  it  after- 
wards diminiflied,  and  in  about  eight  or  ten  days, 
if  the  weather  were  warm,  the  diminution  was 
found  to  be  f  or  -f.  Sometimes  the  diminution 
does  not  appear,  till  after  the  air  has  been  made 
10  pafs,  two  or  three  times,  through  water. 
The  fame  is  the  cafe  with  air  which  animals  have 
breathed  i  alio,  air  in  which  candles  have  burned 
out  may,  almoft  always,  be  further  reduced  by 
this  means. 

Dr.  Priestley  has  repeated  the  fame  expe- 
riments, only  making  ufe  of  mercury  inllead  of 
water  i  he  remarked  an  augmentaxion  in  the 
bulk  of  the  air,  for  the  firfl  days,  perhaps  about 
V^■.  After  this  it  ftood  in  the  quickfilver  two 
days  without  any  fcnfible  alteration ;  and  then, 
on  admitting  water  to  it,  it  began  to  be  ab- 
forbed,  and  its  quantity  was  diminil^cd  about 
^  If  he  made  ufe  oMime-water  in  this  experi- 
ment, it  became  turbid,  and  precipitated,  which 
Ihewetl 
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Aewed  thac  this  air  was,  in  pare,  in  the  ftate  of  1 
I  fixed  air. 


Having  alfo  placed  fome  mice  inavefTcl,  the 
I  mouth  of  which  was  inverted  into  quickfilver, 
IjDr.  Prieftlcy  did  not  perceive,  when  they  were 
[  dead,  thai  the  air  had  been  much  diminilhcd, 
Ibut  having  withdrawn  the  mice,  and  introduced 
I  Ibme  lime-water  into  the  vcflcl,  the  volume  of  J 
^  «r  became  dtminilhed,  and  the  iime  was  preci'  j 
pitated. 

Hitherto  Dr  Prieftlcy  had  operated  only  on 
common  air,  corrupted  by  the  effluvia  of  putre- 
fied animal  fubftances,   or;  which  is  the  fame 
thing,  on  a  mixture  of  common  air,  and  air  fe- j 
parated  by  the  putrid  fermentation.    He  thought  ] 
proper  to  operate  on  the  fame  effluvia,  without  j 
any  mixture  of  common  air,  and  his  expcrimenti  J 
afforded  him  fomc  remarkable  phenomena.     He  ' 
put  dead  mice  into  veiTcls  full  of  water,  and  in- 
verted tlic  mouths  of  the  jars  into  balons  alfo 
filled  with  water ;  they  produced  a  confiderabie 
quantity  of  elaftic  matter  which  was   not  ab- 
forbed  by  water  i    after  a  (horc  time  the  wa> 
ter   contrafted  an  extremely  fetid  and  ofTen- 
five 


I 
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6ve  fmell,  which  feems  to  indicate  that  tlie 
putrid  effluvium  pervades  the  water,  and  alTcftt 
the  neighbouring  air  '.  He  repeated  this  expe- 
riment in  a  jar  filled  vvlih  quickfilvcr,  and  ha 
procured  a  confiderable  quancic/  of  air  which 
was  abforbed  by  lime-water  in  the  fame  manner 
aj  if  it  had  been  fixed  air.  Thdc  two  laft  expe- 
riments fcem  contraduftory  to  the  former;  it  has 
been  feen,  in  h&,  that  the  putrefaftion  of  ani- 
mal fubftanccs  diminiflied  the  bulk  of  common 
air  in  which  they  were  confined,  we  fce  here,  on 
the  contrary,  a  confiderabic  produftion  of  elaftic 
matter. 

To  reconcile  theTe  phenomena.  Dr.  Pricftlcy 
pcrfuaded  himtclf  that  the  putrid  effluvium  is 
fixed  air  mixed  with  feme  other  vapour  which 
has  the  property  of  dimlniftiing  common  air,  in 
proportion  as  it  is  combined  with  it.  This  con- 
jcfture,  however,  is  not  confirmed  by  experi- 
ment; 


'  Mr.  Lavoiii^s  makes  t)r.  Pricftic/  fay  that  water 
!  (lid  not  ihtorh  tMi  air,  whereas  he  npTtdly  mentions  the 
I  water  being  ratoratcil  with  it.  Pncftte^'i  Experiineitt't 
'   page  84-    T.  H. 
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tncnt;  for  having  attempted  to  mix  air  feparated 
■by  putretaftion  with  common  air,  no  common 
air  having  been  prcvioudy  fiiffcred  to  communi- 
cate with  the  former,  he  did  not  remark  anjtl 
diminution  in  its  bulk.  *. 

Again,  according  to  Dr.  Prieftley,  we  m«]f| 

fary  all  thefe  phenomena,  by  varying  the  cil^J 
cumftances  of  ihc  experiment :  If,  for  examj^ 
a  piece  of  beef  or  mutton^  raw  or  boiled, 
placed  under  an  inverted  jar,  6Iled  with,  audi 
(landing  in  mercury,  and  fo  near  to  the  fire  ihaC  f 
the  heat  to  which  it  is  expofed  be  at  leaft  cqud  I 
TO  that  of  the  blood  i  a  confiderable  quantity  of] 
air  will  be  generated  in  a  day  or  two,  about  -j 
of  which  will  be  abfbrbed  by  water,  while  a 
the  reft  will  be  inflammable.     A  moufe,  imderl 
this  circumdance,  and  with  the  fame  degree  of '| 
heat,   furnilhes  a  putrid  vapour  which  extio- 
guifiies  the  flame  of  wax  or  tallow  candles. 

The 


•    *  Dn.  PkisiTtev  tells  Ds  thnt  in  the  way  he  made  tha  I 
«)rpeiUDeni,  he  waa  obliged  to  let  the  putrid  air  paJi  through  ' 
a  body  of  wucr  which  might  iollutly  ibforb  the  plilogillic 
matter  that  diimoiihcd  the  common  air.    ExpcitmenD,  &c 
p.  8j.    T.  H, 
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The  air  which  is  produced  from  vegetaHcj, 
under  rimilar  circucnitances,  ij  almofl  wholly 
6xcd  air,  and  does  not  contain  any  inflammable 
part.  Putrid  cabbage,  green  or  boiled,  yields 
products  exactly  funilar  in  every  point,  to  thofc 
which  are  obtained  from  animal  fubHanccs. 


Animal  rcfpiralion,  fermentation,  combufti- 
on,  in  Ihort,  effluvia  of  every  kind  would  infefl: 
the  air  of  the  atmolphcre,  and  render  it  mortal 
to  all  animals,  if  nature  had  not  a  method  of  re- 
ducing the  corrupted  air  to  the  (late  of  common 
air.  This  objcft  engaged  much  of  Dr.  Prieft- 
Icy's  attention,  and  the  following  are  nearly  the 
refulis  of  his  experiments.  He  firfi:  proved  that 
fimple  agitation  with  water  was  not  capable  of 
depriving  air,  thus  infe£led,  of  its  noxious  qua- 
lity, unlefs  the  agitation  were  continued  for  a 
very  long  lime,  a  circumftance  which  could  noc 
happen  in  the  common  order  of  nature.  He 
then  tried  to  mix  this  air  with  that  difcharged 
from  falt'petre,  by  explofion,  and  with  the 
fumes  of  fulphur;  he  fubmit[ed  it  to  the  lefts 


of  heat,  rarcfafiion,  and 
all  proved  unfucccfsful. 


but  they 


condcnfation ; 

method  only  ap- 
peared 
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pcared,  to  bim,  to  fucceed,  in  rcftoring  air  to  a 
I  &lubrious  ftate,  and  he  fufpeftcd  it  to  be  the 
I  method  employed  by  narurcj  it  is  the  veget*. 
,^n  of  plants.  With  this  view,  he  has  made 
many  experioients,  from  whence  it  is  evioccd^ 
that  planu>  confined  in  receivers  filled  with  in- 
fected air,  vegetate  in  that  licuation,  and,  after 
fome  time,  the  air  becomes  as  proper  as  chat  of  . 
die  atmofpherc  for  the  refpimtion  of  animals. 

Dr.  Priestley  has  demonftrated  that  four 
parts  of  fixed  air,  mixed  with  one  of  corrupted 
air,  form  air  proper  for  rcfpiration  ;  but  as  thi« 
mixture  is  not  made  without  being  feveral  times 
decanted,  in  water,  from  one  jar  to  another,  ht 
I  apprehended  that  its  being  thus  pafTed  might 
contribute  as  much,  if  not  more  than  tbe  mix- 
iui«  of  the  fixed  air,  to  rctvdcr  the  air  wholefome. 

Dr.  PtiiESTLCY  obferves  further,  upon  this 
tubjeift,  that  every  fpecies  of  noxious  air,  whe- 
ther  infeded    by    rcfpiration  or  putrcfaftioo} 
whether  proceeding  from  the  vapour  of  burningi 
charcoal,  or  having  fervrd  in  the  calcination  t 
mecab  *  whether  k  have  contained,  for  a  long] 
ttm^l 
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time,  a  mii^re  of  iron  filings  and  brimftontf^ 
or  of  oil  and  white  lead ;  may  be  always  reftoM 
10  falubrity  by  agitating  them  long  with  watetr« 
The  volume  of  m  fa  diminifhed  by  this  procefi, 
when  water  is  ufed  which  has  been  deprived  of 
its  air :  btrt  it  is  augmented,  on  the  contrary^ 
when  well-water  is  empbyed  which  contains 
much  air.  This  general  aflfertion  feems  to  con- 
tradift  what  Dr.  Prieftley  had  advanced,  in  an** 
other  place,  viz.  that  agitation  with  water  was 
not  fuificient  to  deprive  corrupted  air  of  its  nox- 
ious qualities  \ 

m 

SECTION      V. 

Of  air  in  which  a  mixture  of  brimstone, 
and  iron  filings  has  stood. 

FROM  Dr.  Halcs's  experiments,    we  had 
learned,  that  a  pafte  made  with  powdered  brim- 

ftonc 

*  It  waft  not  agitation»  bat  merely  decantation  from 
one  veflel  to  another,  which  had  proved  infufficient  in  o^ 
dier  experimenu.   T.  H. 
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ftone  and  iron  filings  moiftened  ^ith  water,  oc- 
cafions  a  confiderable  diminution  of  the  vohinrx: 
of  air  in  which  it  is  pUced.  Dr.  Prieftley  has 
fcpeated  this  experiment,  in  rtceivers  immerfed 
both  in  quickfilver  and  in  water :  the  diminution 
Y^as  equal  in  both  cafes,  but  he  obferved,  that 
it  could  not  exceed  a  fourth  or  a  fifth  of  the 
whole  volume  of  air  contained  in  the  receiver. 
Air,  thus  diminifhed,  is  lighter  than  common 
air,  but  it  does  not  precipitate  lime-water. 

Dr.  Priestley  attributes  this  lafl:  circum- 
ftance  to  the  acid  vapour,  which  exhales  from 
the  mixture,  during  the  operation,  combining 
with  the  air,  and  forming  a  felenitic  fait  with  the 
lime,  inftcad  of  precipitating  it.  As  a  proof  of 
this  he  obferves,  that  the  water,  which  has  been 
ufed  in  the  proccfs,  has  a  maniieft  fmell  of  vola- 
tile fpirit  of  vitriol.  If,  inftead  of  making  this 
experiment  in  common  air,  it  be  made  in  air 
which  has  been  already  diminilhed,  whether  by 
candles  burning  in  it,  or  by  putrefadion,  though 
it  never  fails  to  diminifh  it  fomething  more,  it 
is,  however,  no  further  than  this  procefs  alone 
would  have  done  it,  Dn  Prieftley  has  remark- 
ed^ 
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fsi^  that  ajlr  thus  reduced,  by  a  mixture  of  brim- 
{ton^  and  filings  of  iron,  was  very  noxious  to 
animals,  and  he  did  not  perceive  that  it  was  rem. 
4rred  more  falutary  by  being  placed  in  contad 
with  water  \ 


SECTION    VI.  ^ 

Of    Nitrous^Air. 

• 

Dr.  PRIESTLEY  gives  the  name  of  nitrool 

air  to  the  elaftic  fluid  which  is  feparated  during 

the  diflblution  of  iron,  copper,  brafs,  tin,  filver^ 

quickfilver,  bifmuth,  or  nickel,   in  the  nitrous 

acid,  and.  of  gold,  or  regulus  of  antimony,  ia 

aqua  regia« 

THia 

*  Dr.  Priestley  has  given  ns  fome  curious  experi- 
mentSy  in  the  fecond  part  of  his  ingenious  treatife  on  mr, 
tending  to  prove,  from  the  diminution  of  common  air  \fy 
the  eledric  fpark,  that  the  latter  either  u,  or  contains^ 
phlogifton,  fince  it  does  the  very  fame  thing  that  phlogif-  > 
ton  does.  And  further  proving  that  the  diminution  of 
common  air  by  bodies  emitting  phlogifton  is  owing  to  th^ 
precipitation  of  it's  fixable  part.    T.  H. 

L4 
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This  air  has  a  firong  difagreeablc  finell,  d\t- 
firring  but  little  froni  thac  of  fmoking  fpirit  of 
nitre.  It  has  the  fmgiilar  proptny  of  becotn- 
tog  turbid  when  it  is  mixed  with  common  air,  of 
alTuming  a  red  or  deep  orange  colour,  and  of 
producing  a  ftrongheatj  at  the,  fame  time  the 
mixture  diminilhes  confiderably  in  its  bulk. 


Dr.  Priestlev  fuppofes,  that  this  diminution 
principally  takes  place  in  the  common  air.  Not 
that  the  whole  is  to  be  afcribed  to  it,  but  chat 
the  nitrous  air  likewife  contributes  io  fome  de- 
gr^.  He  proves  this  by  the  greater  or  fmaller 
diminuiion,  which  be  has  experienced  in  the 
volume  of  thcfc  two  kinds  of  air,  according  to 
the  different  proportions  in  which  they 
mixed.  When,  for  inflance,  he  mixed  one 
meafure  of  nitrous  air  with  two  of  common  air, 
after  fome  minutes,  whetv  the  eHcrvefcence  was 
ended,  the  whole  volume,  inrtead  of  being  three 
meafures,  which  it  Hiould  have  been,  in  propor- 
tion to  the  fum  of  the  volume,  was  found,  on 
the  conuary,  a  ninth  lefs  than  the  two  meafureVf  i 
Tit.  Ids  by  a  ninth  in  meafure  than  the  quantity  I 
of  common  air  introduced  into  the  mixture. 
When, 


r 
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When,  00  the  contrary,  he  employed  more  of 
the  nitrous  than  of  common  air,  the  volume  of 
the  mixture  was  lefs  than  that  of  the  two  frpa- 
ntely,  but  greater  than  that  of  the  nitrous  air 
alone.  Thefe  appearances  Dr.  Prieftley  was  able 
to  explain  on  no  other  principles,  than  the  fup- 
pofmg,  that  the  greater  diminution  took  place 
in  the  common  air. 

Dr.  Priestley  next  proceeded  to  mix  twen- 
ty parts  of  nitrous  air  with  one  part  of  common 
air.  The  diminution  was  about  a  fortieth,  vtzi 
half  the  bulk  of  the  common  air :  for  as  we 
have  ken  above,  that  the  diminution  of  com- 
mon air,  in  all  cafes,  never  exceeded  from  a 
fourth  to  a  6fth,  it  follows  that  the  remainder  of 
the  diminution  mutt  be  in  the  nitrous  air. 

The  proportion  of  about  two  thirds  of  com- 
mon air,  to  one  third  of  nitrous  will  nearly  form 
the  point  of  faiuration.  After  wc  have  arrived 
at  this  point  if  we  add  more  nitrous  air,  neither 
the  redncfs  nor  cfTcrvcfcence  will  be  produced, 
and  it  makes  an  additnn  equal  to  its  own  bulk. 

THtRE 
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Thire  is  every  appearance    that  the  water 
which  is  uTed  to  confine  the  air  in  the  receiver, 
when  this  mixture  is  formed,   abforbs  a  part  o£ 
the  air  ;    and  in  fad  the  diminution  in  the  bulk 
is  lefs  when  quickfilver  is  employed  inftead  o£  ' 
I  water.     Two  parts  of  common,    with  one  part 
.'of  nitrous  air,  give,  in  this  cafe,  by  their  com-,  ' 
bination,  two  parts  and  a  fcventh,  inftead  of  ak  J 
ninth  lefs  than  two  parts;  if  afterwards  water  be  ' 
introduced  into  the  receiver,  it  abforbs  fome  pvt  1 
of  the  air,  but  it  never  proceeds  fo  far  as  if  t 
mixture  hod  been,  originally,  made  in  water. 

Nitrous  air  makes  no  effervefcencc  cither 
with  fixed  or  with  inflammable  air,  nor  in  gene- 
ral with  any  air  which  has  been  reduced  by  anf^  j 
method  whatfoeveti  neither  do  wc  remark  anj^ 
diminution  in  their  bulk.     On  the  contrary,  the 
more  falubrious  the  air,  the  more  confiderable  is 
the  diminution  of  Its  bulk;   and  this  circunif» 
ftancc  has  afforded  Dr.  Prieftlcy  a  certain  meiho) 
of  diftinguifhing  wholclbme  air  from  that  whic 
ri«  not  fo.    From  the  moment  he  made  this  di^ 
'  rovery,  he  preferred  this  ceft  to  that  of  cxp< 
Rients  made  on  animals. 

Nrrjiov^ 
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r  Nitrous  air  is  fufceptible  of  being  abforbed 
by  wacer,  cfpecially  by  fuch  as  is  free  from  air. 
As  CO  the  quantity  of  this  abforpiion,  Dr.  Pricft- 
ley  has  given  refults  which  do  not  feem  to  agree 
exaflly  with  each  other*.  When  this  air  has  been 
once  combined  with  water  it  is  difficult  to  fepa- 
^^  rate  them  i  a  quantity  of  water,  thus  faturaied, 

^H  yielded  a  few  bubbles  in  an  cxhauftcd  receiver, 
^^P  and  though  it  was  fuffered  to  (land  there,  a  long 
a  time,  it  (till  retained  its  peculiar  taftef.     Dr. 

Prieflley  has,    however,    found    by  experiment, 

I  that  this  water,  when  it  had  l\ood  all  night  near 
the  fire,  had  become  quite  vapid,  and  a  filmy 
kind  of  matter  had  been  feparated,  which  he 
fuppofes  to  be  a  calx  of  the  metal  from  which 
the  air  had  been  obtained.  Water,  impregnated 
with  nitrous  air,  may  be  eafily  prefcrved  in  bot- 
tles, even  uncorked,  in  a  cold  place.  Dr.  Prieft- 
Icy  has  never  obfcrvcd  the  Icaft  alteration  in  it. 

*  Tassi  difierenees  depended  on  the  variety  in  the  cir- 
cumflanns  under  which  the  experimenti  were  made,  and 
arc  not  lo  be  Utribnied  to  any  inaccuracy  ia  Dr.  Prieftley'* 
manner  of  conducting  or  relating  them.     T.  H. 

f  Dr.  Prieitley  has  fincc  foand,  that  nitrous  air  ha| 
never  failed  to  elcapc  from  the  wucr,  which  has  been  im- 
prcgoalcd  with  it,  by  long  expofure  to  Uie  open  air.  T.  H« 

—  Thu 
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•'  Tb2  dim'mution  of  common  air,  by  a  mix- 
"  nire  of  nitrous  air,  is  not  fo  extraordinary,  aS 
•*  the  diminution  which  *  nitrous  air  itfidf  isfub- 
"  je£t  to,  from  a  mixture  of  iron  filings  and  brim- 
*'  ftonc,   made  into  a  pafte  with  water.     Thii 
*'  mixture,  as  has  been  already  obferved,  dimi-  I 
"  nifbcs  common  air  between  one  fifth  and  one  ! 
**  fourth,  but  has  no  fuch  effeft  upon  any  kind 
**  of  air  that  has  been  diminifhed  and  rendered  , 
•*  noxious  by  any  other  procefs,  but  when  it  is  I 
*'  pot  to  a  quantity  of  nitrous  air,   it  diminifhct  I 
"  it  fo  much  that  no  more  than  one  fourth  of  tin  1 
*  ordinal  quantity  will  be  left." 

"  The  effeft  of  this  proccfs  is  generally  peril 
"  ccived  in  five  or  fix  hours,  about  which  time  tht] 
•*  vifible  effcrvefcence  of  the  mixture  bcginj* 


*  Mk.  LAvotiiBR  having miftaken  Dr.  PntSUey'tman- 

ing,  in  imagininfc  that  the  Dofior  had  declired  that  the 

djininuiion  of  common  sir  cffeAed  by  mcint  of  brimltoDS « 

Cud  iron-iilingi  might  be  carried  flill  further  by  an  addtSV 

F  Utta  of  nitroD)  air  to  !t ;  I  have  thought  proper  to  ruU£9 

,  tote  Dr.  ?ne&ley't  own  account  inftcad  of  the  paragraphl 

I .  vhtch  Mr.  Lsroifier  intended  as  an  abflraft  of  it.    I  Ittvt  J 

'  Barked  the  quoutlfln,  fo  far  at  it  procccdi,  with  invc 

comma*.    T.  H. 
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*'  and  in  very  Ihorc  time  it  advances  To  rapidly, 
"  ihst  in  atwut  an  hour  almoll  the  whole  eSe€i 
"  will  have  taken  place.  If  it  be  fuffered  to 
"  ftand  a  day  or  two  longer,  the  air  wilt  ftill  be 
"  diiTiinilhed  fanher»  but  only  a  very  little  far- 
"  thcr,  in  proporcion  to  the  firft  diminution, 
"  The  glals  jar,  in  which  the  air  and  this  niix- 
*'  lure  have  been  confined,  has  generally  been  fo 
"  much  licatcd  in  this  procefs,  that  I  have  not 
*'  been  able  to  touch  ir." 

"  NiTROt;s  air  dius  dimimlhed  has  not  fo 
"  ftrong  fmell  as  nitrous  air  itfelf,  but  fmells  ju[t 
"  like  common  air  in  which  the  fame  mixture  has 
"  (loodv  and  it  is  not  capable  of  being  diminifh- 
**  cd  any  farther,  by  a  frefh  mixture  of  iron  and 
*'  britnftone." 

Dr.  Priistlbv  has  actempted  to  mix  nitrous 
with  inflammable  air,  and  the  mixture  was  in- 
flammable.  The  flame  which  proceeded  from 
it,  had  this  peculiarity,  that  ic  was  of  a  green 
colour  I  this  circumRance,  Dr.  Prieftley  fuppo- 
Ics  to  depend  on  the  nature  of  the  air  itfelf,  and 
not  on  the  metal  from  which  it  has  been  cxiraft- 
ed. 

A  VERT 
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A  VERY  fingular,  and  altnoft  incredible,  phe- 
nomenon was  that  nitrous  air,  whether  by  itlelf,  | 
or  combined  with  common  air,  always  retained 
I  «  fpeciBc  gravity,  rcnfibly  equal  to  thai  of  at- 
'  mofpheric  air.    Dr.  Pricftley  in  a  quantity  of 
liiree  pints,  never  obferved  more  than  the  diffcr- 
'  ence  of  half  a  grain,  which  was  fometimes  more, 
ud  at  other  times  lefs.     How  is  ic  to  be  con- 
ceived, however,  that  two  fluids  {hould  pene- 
trate each  other  in  fuch  a  manner,  that  there 
Ihall  refult  a  diminution  of  a  third  of  their  bulk,  J 
without  the  fpecific  gravity  of  the  mixture  being! 
mter,  than  that  of  each  of  the  fluids  lud  been 
parately? 

Nitrous  air  is  exceedingly  fatal  to  vegetables- 
*  Whether  the  air  were  pure,  or  mixed  with  com- 
mon air  to  the  point  of  faturation,  the  plants 
which  were  confined  in  ic,  periHied  in  a  fliort 
dmc. 


Metals,  calcined  in  this  air,  produced  noi 

Fftnfible  cHefL    Dr.  Priedlcy  has  difcovered  thicl 

%  antifeptic  powers  are  much  greater  than  thofit  1 

off 
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of  fixed  air,  and  that  ic  is  capable  of  preferving 
flefli,  for  a  long  time^  from  corruption. 

Dr.  Priestley  terminates  this  article  by  a 
table  of  the  quantities  of  nitrous  air,  obtainable 
from  different  metals ;  it  appears  from  hence, 
that  iron  afforded  the  moft,  next  to  it  brafs,  then 
copper  and  filver.  The  other  metals  furniffied 
much  lels  *• 

SEC- 


*  When  Dr.  Prieftley  pabliihed  an  accoont  of  Uj  Ex- 
peiiments  in  the  PMlofophical  Tranfadions,  lie  had  en* 
deavoored  to  determine  whether  lime-water  was  precipi- 
tated in  the  diminution  of  common  by  nitrous  air,  in  order 
to  know  if  the  £xed  part  of  the  former  were  depofited  ; 
bat  on  patting  a  bottle  of  lime-water  into  the  jar  in  wfaidi 
the  procefs  was  made,  no  precipitation  of  the  lime  enfoed, 
though  it  was  eafily  effeded^  afterwards^  by  breathing  into 
k.  This  experiment  not  having  fucceededl>  Mr.  Lavoifier 
hat  taken  no  notice  of  it.  Bat  Dr.  PriefUey  has  iince  in« 
formed  us  that  when  the  whole  procefs  was  made  in  lime* ' 
water,  the  precipitation  was  fufficiently  fenfible.  Bxpeii- 
menu  and  Obfervations  on  Air,  p.  114. 

Th  b  fecond  part  of  Dr.  PriefUey't  Experimentt  and 

Obfervationt  on  dxfierent  kinds  of  Air  contain  many  on* 

rioot 
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SECTION     VII. 

Of  air  infected  with  the  fumes  of  BURKlIld 
CHAB.COAL. 

THE  honourable  Mr.  Cavendifh  had  infori^ 
ed  us,  in  a  memoir  commuoicaced  to  the  Roya 
Societ 


riDui  dilcovenM,  but  (u  it  would  ncetd  my  limits  «>  eotn 
into  a  pnrlicDlar  detail,  I  fhalt  llienibre  confine  tnyCelf  to 
■  general  account  of  them.  From  the  green  poivdi-r  which 
remained  after  the  evaporatioa  of  a  Iblutioii  ofcapper  in 
nitfout  acid,  he  obtained  by  meant  of  a  boming  lenj  a 
qaantily  of  nitroot  air.  When  any  volatile  alkali  wu 
added  to  a  mixurc  of  aitroiu  and  common  air  while  clfcr- 
vefcing,  lite  jar  wai  filled  with  white  cloudt  which,  pre- 
cipitating in  form  of  (now,  made  a  moti  beauiiful  appear- 
ance, and  proved  to  be  a  aiirtHu  ammoniac.  At  the  fame 
lime  a  diminuiion  of  the  common  air  took  place.  So  that 
the  DoAor  imagincv  the  fall  to  hare  been  formed  by  lb* 
■rid  of  the  nitjoui  air,  lei  loofe  in  the  Jecompofition  of  it, 
by  common  air,  while  the  phlogitton,  which  mull  be  aa- 
Olhci  Gonltiluent  pan  of  nitroui  air,  catering  ihc  common 
■ir,  wtt  the  Ciafe  of  iu  diminuiion.  And  to  thij  laA  caale 
W  aoribvtet  all  tkc  dinuMutMni  ofremaon  by  nitrm*  ur. 
Haviko 
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Society,  which  is  inferred  in  the  Philofophical 
Trajifaftions,  that  air  paHing  through  a  red  hoc 
iron  tube,  filled  with  the  dull  of  charcoal,  waj 
diminifhed  about  a  tenth  part  in  its  bulk ;  he 
had  alfo  obferved  that  feme  fixed  air  was  obtain- 
ed in  that  proccfs.  Dr.  Pricftley  repeated  thefc 
experiments,  and  with  CmiUr  fuccefs. 

I 

Dit.  Pr I E IT LErliavIng placed  Tomr:  iron  nails  in  abottle 
of  nitrous  >ir,.)vhen  ihey  had  Hood  witlv  ibc  moucli  of  the  bot- 
tle ironicrfcd  in  quicldil  ver  above  a  month,  the  nilrous  air  wat 
found  lo  be  iransrormed  into  a  very  fingular  kind  of  air, 
in  which  3  cindle  burned  naiurany  and  freely,  ind  yet  it 
was,  in  the  higheli  degree,  noxious  to  animals  :  whereas, 
in  general,  animals  will  live  in  air  in  wliich  candles  have 
burned  out.  When  the  nitroui  air  viu  longer  continued 
in  thefc  drcunUtancci,  the  flame  ofa  candle  became  twice. 
and  IbmetiroM  live  or  fix  times  larger  tn  it,  yet  without 
any  cxplo&on.  Liver  of  fulphur  produced  this  effefl  on 
nitroui  air  much  more  cipediiioully,  and  dimioilhed  it 
even  to  nineteen- twentieth i  of  iu  original  quantity. 
Dr.  Pricftley  did  not  proceed  to  determine  whether  it  were 
capable  of  farther  dtminuiioD.  In  this  Ibte,  and,  in  gene- 
ral, whcD  the  diminution  had  reached  beyond  three  fourths 
of  the  original  quantity,  a  candle  would  not  burn  In  it. 
Agitation  in  water  deprived  it  of  ita  noxious  qualitici.  In 
one  inilance  nttrout  air,  in  which  iron  had  flood,  fired  and 
exploded  like  weak  ioSammablc  air. 

M  T«i 
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Dr.  Priestley  varied  the  experiment,  by 
repeating  it  under  a  receiver,  by  the  alliftance 
of  the  focus  of  a  burning  lens,  and  he  was  able 
CO  produce  a  diminution  of  one-fifth  in  the  vo- 
lume of  air;  the  remaining  four-fifths  were 
partly  fixed,  and  partly  inflammable  air*.  It  is 
.very  worthy  of  remark,  in  this  experiment,  that, 
fanfetimes^  though  the  charcoal  which  was  ufed, 
had  been  prepared  by  a  fire  fo  ftrong  as  to  be 
capable  of  vitrifying  part  of  the  crucible  in 
which  it  was  confined  ;  no  diminution  was  per- 
ceivable 

The  eledlric  fpark  taken  in  nitrous  air  diminifhcs  it  to 
one-fourth  of  its  former  quantity. 

From  all  thefe,  and  many  other  concurring  circum- 
ftancesy  Dr.  Prieilley  concludes  that  all  the  difference  be- 
tween freih  nitrous  air,  and  the  various  flates  in  which  he 
has  defcribed  it,  depends  upon  fome  difference  in  the  mode 
of  the  combination  of  its  acid  with  phlogiilon»  or  on  the 
proportion  between  thefe  two  ingredients  in  its  compofition. 

From  the  fatality  of  nitrous  air  to  infeds,  Dr.  Prieftley 
recommends  the  trial  of  it,  diioted  either  with  common  or 
fixed  air,  in  the  form  of  clyllers,  as  a  remedy  againit  worms 
in  the  inteftines.    T.  H.  « 

*  Thb  fixed  air  Dr.  FrieiUey  fuppofes  to  have  been  de- 
pofited  by  the  common  air,  and  not  to  have  proceeded 
from  the  charcoal ;  the  other  part  b  not  faid  to  have  been 
ioflamnuble.    Prieftley*t  Experiments  p.  130.     T.  H* 
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ctivabic  in  the  volume  of  air  io  which  it  was 
burned  •.  Dr.  Prieftlcy  attributes  this  cffeft  to 
ibe  inflammable  atr  which  is  detached  from  the 
charcoal  in  this  laft  cafe,  and  which  fiipplies  the 
place  of  the  air  which  is  abforbed.  He  obferves, 
in  fupport  of  this  explanation,  that  charcoal 
which  had  not  been  made  with  a  confiderable 
degree  of  heat  fcldom  failed  to  yield  a  permanent 
addition  of  inflammable  air,  and  fuppofcs,  that 
in  converting  dry  wood  into  charcoal,  the  great- 
eft  part  is  changed  into  inflammable  air.  If  in- 
ftcad  of  burning  the  charcoal  over  water,  the 
operation  was  performed  in  quickfilver,  there 
was  then  no  diminution,  but  rather  an  augmen- 
tation in  the  volume  of  air,  either  on  account  of 
the  fixed  air,  which  was  feparated,  or  of  the  in- 
flammable air,  but  principally  of  the  former- 
When  lime-water  was  ai'ccrwards  expofcd  to  this 
air,  it  immediately  precipitated,  and  the  air  was 
diminilhed  one-fifth.  But  it  was  a  fmgular  cir- 
cumftance,  that  the  charcoal  which  Dr.  Prieftlcy 
M  2  made 

*  In  gtaettl,  however,  Dr.  Priclllcy  fecmi  to  think, 
diat  ihe  greatn- (he  heat,  and  the  longer  iu  cunuouance, 
(he  puter  will  be  the  phlogifton  which  the  chircoil  (on-i 
ulu.    T.  .It 
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made  ufe  of  in  thir  experiment,  and  which 
weighed  exaftly  iwo  grains,  was  found  noc  to 
'be  fnifibly  diminUhed  in  weight  at  the  end  of 
the  (^ration. 

When  air  has  been  reduced  by  the  burning 
-of  charcoal,  it  extinguiffacs  flame,  is  mortal  to 
animals,  makes  no  effirrvefcence  with  nitrous  air, 
and  is  capable  of  no  farther  diminution,  either 
by  burning  fre(h  charcoal  in  ii,  by  a  mixture  of 
brimftone  and  iron  filings,  or  by  any  other  known 
caule  of  the  diminution  of  air. 


SECTION    vm. 

Oh  THK  EPPECT  of  the  CAtCINATION  OF 
MKTALS,  AND  OF  THE  EFFLUVIA  OF  PAINT 
MADE  WITH  WHITE  LEAD  AND  OIL,    ON  AIR. 

FROM  the  experiments  on  burning  charcoal, 

which  wc  have  juft  reviewed.  Dr.  Prieftley  was 

iMd  to-fufpcd,  that  the  diminution  of  air  was 

I  'the  confcqucnce  of  its  having  more  tfaao  its  aiml 

quanctiy 
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quantity  of  phlogifton.  The  calcination  of  me- 
tals afforded  him  another  method  of  producing 
the  fame  cBeA,  or,  according  to  his  ideas,  an 
emanation  of  phlogidon.  Accordingly,  he  fuf- 
pended  pieces  of  lead  and  tin  in  given  quantities 
of  air,  and  threw  the  focus  of  a  burning  mirror 
upon  them.  The  air.  in  this  procds,  was  di> 
miniDied  one-fourth;  the  remaining  portion  did 
not  effervefce  with  nitrous  air,  was  deftruftivc  to 
animals,  like  air  in  which  charcoal  had  burned, 
and  it  was  incapable  of  farther  diminution  by 
the  mixture  of  iron  filings  and  brimftone ;  ic  was 
rendered  innoxious  and,  in  a  great  meafure,  re- 
covered the  other  properties  of  common  air,  by 
walhing  in  water.  Whether  Dr.  PricftUry  cal- 
cined tin  or  lead,  in  making  ihis  cxpcriraent, 
he  found  no  fcnfible  difference  in  the  properties 
of  the  air.  He  observed  in  both  cales,  that  the 
water  acquiirU  a  yelbwilh  tinge,  and  thac  a 
thin,  and  whicifh  pdliclc  covered  both  the  lur- 
facc  of  the  v/ater,  and  the  tides  of  the  phial  in 
which  tite  calcination  was  made. 


If  inftead  of  inimerfing  the  mouth  of  the  jar, 

which  contained  the  metals,  into  common  water, 

it  was  placed  in  lime-water,  no  precipitation  ful- 

M  3  lowed, 
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lowed',  bui  its  colour,  fmelland  talle  were  fcn- 
fjbly  changed.  If,  inftcad  of  lime-water,  quickrd- 
vcr  was  ufcd,  the  air  wa&  only  dimiatOiedone-tifih 
inftcad  of  one-fourth,  and  upon  water  being  ad- 
tnicted  to  it,  no  more  was  abforbed. 

It  appears  that  Dr.  Prieftley  attempted  to 
calcine  metals  in  inflammable,  in  Bxcd,  and  in 
nitrous  air,  without  being  able  to  accoinplil}]  it : 
but  he  remarks  that  they  may  be  calcined  tn  air 
in  which  charcoal  can  no  longer  burn. 

Da.  pRiiSTLEv  accounts  for  all  thefe  pheno- 
mena, by  the  emanation  of  phlogifton;  that 
fubftancc  which  is  feparatcd  from  burning  char- 
coal, and  from  metals  during  their  calcination, 
unites,  according  to  his  doftrinc,  with  the  air, 
and  diminifties  its  volume.  Water  being,  after- 
wards, agitated  with  this  air,  deprives  it  of  its 
phlogifton,  and  the  air  becomes  reClored  to  its 
natural  Rate.  He,  alfo,  prefume;,  that  vegeta- 
don  corrc£ts  luixious  air,  by  abforbing  the  fupcr- 
abundant  phlogifton. 

These 

■  Th  E  fixed  ur  being  more  ftronglyUtrtOed  hy 
tdlic  call,  lliin  bjr  the  Vmt.    T.  H. 


b]r  theme*  ^^^1 
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;  Thbsb  confiderations  led  Dr.  Prieftley  to  a 
method  of  explaining  the  caufe  of  the  mifchief 
which  ariies  from  fre(h  paint  made  with  white 
lead  and  oil,  which,  according  to  his  account, 
is  an  imperfect  calx  of  lead ;  and  having  painted 
feveral  pieces  of  paper  and  placed  them  under  a 
receiver,  a  fourth  or  fifch  of  the  air  was  found 
to.be  abforbed  in  twenty- four  hours.  The  re* 
mainder  refembled  air  in  which  metals  have  been 
calcined ;  it  did  not  efFcrvefce  with  nitrous  air, 
k  was  no  farther  diminifhed  by  a  mixture  of 
brimftone  and  filings  of  iron,  and  it  was  eafily 
reftored  by  fi  mple  agitation  in  water. 

SECTION    IX. 

Of  Air  Extracted  by  Means  of  Spirit 
OF  Salt,  or  Acid  Air. 

Dr.  PRIESTLEY  has  experienced,  after 
Mr.  Cavendilh,  that  the  difTolution  of  copper, 
by  fpirit  of  fait,  yiefded  an  elaftic  vapour.  He 
caught  this  vapour  in  a  veflfel  filled  with  quick- 
filver,  and  inverted  into  a  bafon  of  the  fame; 
but  having  afterwards  introduced  fome  water  to 

M  4  it, 
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«•,    almoft  the  whole  of  it  difappeared,   and 
nothing  retrained  but  a  portion  of  inflammable 


f  Thii  air  turns  lime  water  white  i  but  Dr. 
Prieftley  does  not  think  that  the  milky  colour  is 
owing  to  the  precipitation  of  the  lime,  but  to 
fome  particular  circumftance,  which  he  has  not 
had  an  opportunity  of  a&ertaining. 

The  folution  of  lead  in  the  marine  acid  is  at- 
tended with  the  fame  phenomena  :  about  three- 
fourths  of  the  generated  air  difappears,  on  con- 
taft  with  water}  the  remaining  one-fourth  is  in- 
flammable. In  the  foludon  of  iron  in  the  marine 
acid,  one-eighth  only  of  the  claftic  vapour  dif- 
appears  on  the  admilBon  of  water }  and  in  that 
of  tin,  a  fixih,  and  of  zinc,  a  tenth  only.  The 
remainder  of  the  air,  detached  from  iron,  burns 
with  a  green  or  very  light  blue  flame.  Dr.  Prieft- 
ley thinks,  that  this  vapour  is  really  abforbed 
by 


: 


*  Or.  PrieAley  mentlaAs  that  thrM-fbuTtlit  iilipptuti. 

f  Thb  remarlc  it  erainnl  in  Dr.  PncAtej^*  treatile  OQ 

tlr,  fiacc  publiilicd.    T.  H. 
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by  the  water,  and  he  is  perfuadcd,  that  there  is 
a  point  of  faturarion,  beyond  which,  the  water 
is  not  capable  of  receiving  an  additional  quan- 
tity. 

It  is  evident,  from  Dr.  Pricftley*s  experi- 
ments, lh«  the  air,  which  is  treated  of  in  this 
article,  is  merely  fpirit  of  fait  reduced  into 
vapours ;  in  faft,  an  elaftic  vapour,  entirely  fi- 
milar  to  this,  is  obtainable  by  meam  of  fpirit  of 
fall  alone,  without  the  necclTity  of  making  any 
metallic  folution.  It  ts  therefore  eafy  tojudge, 
from  hence,  that  water  impregnated  with  this 
vapour,  is  nothing  but  fpirit  of  fait,  and  that  it 
has  all  the  fame  properties  •. 

Dr.  PaiESTtEV  is  fatisfied  that  this  elaftic 

Tflpour  is  much  heavier  than  common  air.   Two 

grains  and  one-haJf  of  rain  water  aie  capable  of  ab- 

forbing 

•  Stitce  the  pufaticauon  of  Dr.  Pricflley'i  Memoir  in 

'  the  Philofe^ical  Tranfaftioni,    lie  hai  dikovettd,    chat 

acid  ur  miy  be  obbuned,  by  having  recourff;  to  the  pro* 

ufi  by  which  the  fptril  of  fait  is  originally  made.-^— ViJ« 

Dr.  Prieftlcy'*  Experiment*  and  Obfcrvations  cm  >ii",  page 

119.  T.  a 
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forbing  three  ounce  meafures  of  it;  after  which 
the  water  is  incrcafcd  double  in  weight,  and  one- 
ihird  in  its  bulk.  This  vapour,  we  are  told  by 
Dr.  Pricftley,  has  a  very  ftrong  affinicy  with 
phlogifton,  it  attrafts  it  from  all  other  fubftances, 
and  forms  with  it  inflammable  air.  This  cir- 
cumftance  led  Dr.  Prieftley  to  believe,  that  in- 
fiammable  air  conUds  of  an  acid  reduced  to 
vapours  united  with  phlogifton.  He  was  con- 
firmed in  his  opinion,  from  having  poured  fpiric 
of  wine,  oil  of  olives,  and  oil  of  turpentine,  to 
this  air,  and  having  expofcd  charcoal,  pholpho- 
riis,  and  even  lulphur  to  it,  he  obtained  inflam- 
mable air  from  them  ;  this  laft  experiment  fecms 
to  Ihew,  that  the  marine  acid,  in  this  caie, 
has  the  power  of  decompofing  fulphur. 


Dr.  Priestlev  alfo  fufpended  a  piece  of  fak- 
pctrc  in  this  air :  it  was  prefently  furrounded  with 
a  white  fume,  in  the  fame  manner  as  if  the  air 
had  been  mixed  with  nitrous  air:  this  experi- 
ment proves  tikewife,  that  the  vapour  of  fpirit 
of  fait  is,  in  Tome  circumftanccs,  llronger  thu^ 
the  nitrous  acid,  as  it  is  able  to  decompofe  i^l 
and  difpolTefs  it  from  its  batts. 

Moi 
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Most  kinds  of  liquors  very  readily  abforb  the 
Vapour  of  fpirit  of  fait  -,  linfecd  oil,  abforbs  it 
more  flowly  than  others,  and  becomes  black  and 
glutinous  *. 

•  The  fecond  part  of  Dr.  Prieftley*s  work  contaiiu» 
alfo  a  great  number,  of  experiments  in  which  he  anited  this 
acid  air  with  feveral  diiFerent  fubftances,  and  with  various 
fiiccefs.  Ether  and  acid  aif.  When  combined  and  fuffer^ 
CO  efcape  into  the  open  air,  formed  a  vifible  fume  like  s 
white  cloudy  having  the  fmell  of  ether,  but  |>ecaliau'ly  o& 
feniive.  Liver  of  fulphur  did  not  unite  with  acid  air,  fo  aa 
to  form  inflammable  air.  It  imbibed  half  of  the  air  to 
which  it  was  expofed ;  one-fourth  of  the  remainder  was 
imbibed  by  water,  and  the  remainder  extinguifhed  a  candle. 
This  experiment,  the  Dodlor  thinks,  feems  to  prove,  that 
acid  air  and  phlogillon  may  form  a  permanent  air,  not  in- 
flammable. And  he  fufpe^,  that  it  may  be  air  in  fuch  « 
'  (late  as  common  air  loaded  with  phlogiiton,  and  deprived 
of  its  fixed  air ;  or  rather  the  fame  thing  as  inBammiibb 
air,  which  has  lofl  its  inflammability  by  long  ilanding  in 
water. 

Quick- LI  MB  being  put  to  acid  air  yielded  a  portion  of 
air  which  was  ftrongly  inflammable;  a  proof  that  fomtt 
part  of  the  phlogiflon,  which  efcapes  from  the  fuel,  in  con* 
ta£t  with  which  the  lime  is  burned,  adheres  to  it.  Bnt 
Dr.  PriefUey,  by  no  means,  imagines  the  caufticity  of 
quick-lime  to  depend  on  this  drcumftance. 

Thb  fpecific  gravity  of  acid  air,  does  not  appear  to  be 
far  diflS^rent  from  that  of  the  atmofphere.  « 

SECTION 
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SECTION     X. 


Miscellaneous  Observations. 


Dr.  PRIESTLEY  places  under  this  hcj 


feme 


expcni 


itnents  which  he  could  not  arranai 


under  the  preceding  divifion;.     He  filled  a  I 
tie  with  fcnall  beer,  and  placed  it  under  a  ja 
Handing  in  water;  during  feme  of  the  Brft  dajt 


of  : 


there  was  an  increafe  of  the  quantity  < 
afterwards  a  gradual  diminution,  which  proceed- 
ed to  about  a  tenth  of  the  original  quantity  of 
air.  The  beer,  after  this  period,  was  four;  the 
ur,  which  remained,  extinguiOied  candles,  but 
having  mixed  it  with  four  times  the  quantity  of 
fixed  air,  a  moufe  lived  in  it  as  in  common  atr. 


OvR  author  ettablilhes  it,  as  a  principle,  that 
every  kind  of  faflitious  air  is  noxious  to  animals, 
except  that  which  is  cxtraSed  from  faltpetre  by 
detonanon,  in  which  a  candle  not  only  burned*, 
but  (be  Qame  was  even  augmented,  with  a  kind 
of 

,  *  SuDiquiKT  cxperinciiu  made  it  probable,   that 

tliDDgli  ■  candle  buTncd  m  [he  manner  rclite<),  an  ammal 
tvouM  not  bive  lived  to  it.  Vide  Pxic&ley'i  f^xpetimcDti 
iiid  obfervatiOBi,  page  :«;■ 
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of  hifllng,  when  the  air  had  been  newly  fcparated. 
■Without  doubt  it,  at  that  time,  ftill  contained 
fome  particles  of  nitre  which  were  not  dccom- 
pofed.  Dr.  Prieftley  having  kept  this  air,  for  a 
year,  found,  at  the  end  of  that  time,  that  it  was 
extremely  noxious  to  animals ;  but  having  wash- 
ed it  in  rain  water,  it  recovered  its  wholefome> 
nefs,  and  eficrvefced  with  nitrous  air  in  the  fame 
manner  as  common  air  does. 


I 


Dr.  pRiESTLEV  has  alfo  tried  the  efFeft  of 
the  vapour  of  camphor,  and  of  volatile  alkali 
on  animals.  A  moufe  being  placed  in  a  bottle 
filled  with  this  air,  was  not  very  much  incom- 
moded J  it  fneczed  and  coughed,  efpecially  after 
it  was  taken  out,  but  there  did  not  remain  any 
fenfiblc  injury. 

This  work  ts  terminated  by  fome  very  remark- 
able experiments  on  common  air,  agitated  a  long 
■time  with  water;  he  inverted  jars,  filled  with 
common  air,  into  boiling  water  i  in  a  Ihort  time, 
four-fcvenihs  of  that  air  was  abforbed  ;  the  re- 
maining part  extioguilhcd  flame,  but  it  was  not 
detrimenul 
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detrimental  to  animals.  The  quantities  abforb- 
cd  were  not  always,  exaAly,  the  fame,  but  thi^ 
ctrcumftance,  doubtlels,  depended  oq  the  (late 
of  the  water  employed. 

Th£  air,  of  which  a  part  had  been  thu;  ab- 
ibrbed,  could  not  eafily  be  reftored,  even  by  the 
v^etation  of  plants. 

Dr.  Priestley  has  obferved,  that  a  pint  of 
water  from  his  own  pump  contained  about  one- 
fourth  of  an  ounce  meafurc  of  air ;  this  air  ex- 
tinguifhcd  candles,  but  was  not  fatal  to  a  moufe. 
He  alfo  kept  common  air  in  receivers  for  a  very 
long  time,  with  a  view  of  being  fatisfied  whe- 
ther its  remaining  in  a  (lace  of  ftagnation  would 
make  any  alteration  in  it.  After  fcveral  months 
he  tried  it,  and  found  it  as  falubrious,  as  it  was 
the  moment  he  6rft  confined  it,  and  it  fermented 
as  ftrongly  with  nitrous  air. 

Dr.  Priestley's  paper  is  followed  by  fome 
experiments  of  Mr.  Hey  ♦,  the  objcft  of  which 

^  AN'iagenious  Surgeon* Apothe^ry  at  Leeds  in  York- 
Airt. 

is 
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is  to  prove  that  water  impregnated  with  fixed 
air,  fcparated  from  chalk  by  oil  of  vitriol,  does 
not  contain  any  other  part  of  the  ingredients 
which  have  contributed  to  furnifh  the  air.  This 
water  does  not  change  the  colour  of  fyrup  of 
violets,  whereas  a  fingle  drop  of  the  vitriolic 
acid  diluted  in  a  pint  of  water,  turned  it,  very 
feofibly,  of  a  purplifh  call. 

This  water  rather  curdled  a  folution  of  foap 
in  water ;  but  this  efiedt  Mr.  Hey  attributes  to 
the  combination  of  the  fixed  air,  with  the  cau- 
ftic  alkali  of  the  foap,  whiph  occafions  a  fepa- 
ration  of  part  of  the  oil.  It  alfo .  renders  turbid 
a  folution  of  fugar  of  lead. 

As  a  fequel  to  thefe  experiments,  is  added  a 
letter  from  Mr.  Hey  to  Dr  Prieftley,  on  the  cf- 
fefts  of  fixed  air,  applied  by  way  of  clyfter,  .in 
putrid  difeafes  *. 

CHAP. 

*  It  is  with  particular  pleafure  that  I  can  congratolafe 
the  public  on  the  acquiiition  of  (o  valuable  an  addition  to 
the  materia  medica.  Dr.  Percival  has  favoured  the  pub^ 
lie  with  fome  cafes  in  which  fixed  air  thrown  into*  the  in^ 

teftines» 
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CHAPTER     XVI. 

EXPERIMENTS  on  LIME,  bv  Mr. 
DUHAMEL*. 

I  HAVE  already  declared,  ihat  I  deferred  givil 
ing  an  account  of  Duhamel's  experiments  on  ^ 
lime,  Ihat  I  might  not  interrupt  the  thread  of  | 
ran 

*  This  Chapter  is  extrafled  from  the  mcmo!n  of  cbft^ 
Royal  Academy  of  Sdciico,  for  the  year  1 747. 


tclGnc),  by  way  of  dyfter,  produced  «in£dcrab)e  benefit, 
and  that  gentleman's  ptafUce,  and  the  obfervatioa  of  othar  f 
ingeniou)  phyficUns  have  fince  furnilhed  fome  addiiional 
cafet  in  which  the  good  eficAi  of  thli  medicine  were  in- 
difpulible.  It  hu  alfo  been  applied  with  girai  fncceff,  at 
a  fumigation  to  foul  ulccrt,  and  I  have  ufed  it  with  the 
nod  happy  event,  in  putrid  fore  throatj,  and  utccnced 
,inoathi  and  gutns,  atteaded  with  putiid  fymptoms. 

TMa  tnliTument  which  Mr.  Hey  aki  tor  conveying  thtd 
*xed  air,  wa»  that  employed  for  tranfmiciing  the  fume*  rf*l 
-tobactntato  the  intcRinea,  one  rod  of  a  bladder  wai  lie^J 


I 
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my  narration,  relative  to  Bxed  air.  I  now  haftcn 
todojuftice  to  that  celebrated  academician;  it 

is 

to  the  tube  of  this  apparatus^  detached  from  the  box,  and 
the  other  end  round  the  neck  bf  the  bottle,  which  contains 
ed  the  chalk  and  vitriolic  acid.  It  is  better  to  faften  one 
end  of  the  bladder  to  a  perforated  cork^,  and  the  other  to 
a  flexible  leithtr  tubt,  tO  which  another  Uacbder  and  dyftet 
pipe  may  be  affixed*  By  thit  means  the  effervefeence  mayi 
be  kept  up  as  long  as  the  operator  thinks  proper^  by  un* 
corking  the  bottle,  and  adding  more  acid  or  chalk.  And 
the  fecOnd  bladder  ferves  to  unite  the  clyller  pipe  and  lea- 
thern tnbe.  fiy  this  means  I  have  injeAed  fixed  atr  int# 
tht  htwtU  wi A  great  fiteiiity  aad  coaveniencs. 

SiKCB  the  publication  of  this  memoir  in  the  Philofophi- 
cal  Tranfa£lions,  Dr.  Priedley,  as  I  have  before  obferved, 
has  republiflied  it,  with  additions  to  each  article,  and  one 
entirdy  new  Action,  containing  obfervations  on  alkaline 
air»  which  he  p^t)Cured,  widi  the  mod  eaf^  and  conveni* 
ence,  from  the  diaterials  ufed  for  the  produ^n  of  the 
caufiic  fpirit  of  fal  ammoniac.  Many  obfervations  are  to 
be  met  with  in  this  part  of  the  Dolor's  work,  and  ano- 
ther part  contains  many  ingenious  queries,  fpecnlations 
and  hints.  I  have  fele^d  from  that  volume,  fuch  paT* 
/ages  as  wttt  netelTary  t6  elucidate  Mr.  Lavoifier'e  de- 

•  VidtDr,  Pritft!ey*sMre&ionsformpre^mti9g'¥MUrwuk 

ftei  air, 

•^  N  tul 
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k  weU  known  that  there  are  few  branches  o£ 
fcience  which  have  not  been  cmiched  bf  him. 

Ma.  Duhamcl  has  remarked,  that  white 
nirbk  calcined  in  a  Tep  f&oog  fire,  loft  abaur 
a  third  of  its  weight;  bot  ftill  it  was  not  calcined 
quite  to  the  center,  and  there  remained  a  nucle- 
tts  in  the  middle^  which  partook  as  much  of  the 
nature  of  marble  as  of  lime.  The  lime-ftone  of 
Courcelles»  from  whence  k  brought  almoft  alt 
the  lime  which  we  u&  in  our  buildings,  was 
not  nearly  (o  difficult  to  calcine,  and  it  appear- 
ed, in  general,  that  the  calcination  was  more 
readily  and  eafily  performed,  in  proportion  to 
the  foftntfs  of  the  ftone.  The  courcelles  ftones 
lofc,  by  calcination,  about  eight  ounces,  four 
drachms,  from  a  pound  weight,  viz.  fomcthing 
more  than  half  their  weight.  Expofed,  after- 
wards, to  the  air,  they  cracky  fall  into  powder, 
and  regain,  by  degrees,  part  of  the  weight  which 
they  had  loft  ^  but  there  ftill  want  five  ounces 

tail  of  the  firfl  memoir,  bat  it  would  be  doing  iiy  uiUce  to  the 
ingenioas  author's  performanoe  to  attempt  any  farther  a* 
bridgement  of  it.     T.  H, 

and. 


I 


and  an  half  in  the  pound,  to  make  up  the 
weight  which  they  poflcITcd  before  calcination. 

Mr.  Duhamel  has  made  fome  inquiries  into 
the  quantity  of  water  neceiliry  to  llake  lime. 
He  took  lixteen  ounces  of  Courcellcs  lime;  he 
flaked  it  with  water,  till  it  was  of  the  confitlence 
of  a  thin  palle,  and  he  lefc  it  to  dry  in  the  air, 
after  which  it  weighed  twenty-Gx  ounce?,  and 
had  therefore  acquired  an  augoien cation  of  ten 
ounces.  This  lime,  having  been  kept,  a  very 
cooflderable  time,  in  the  heat  of  a  llove,  was  noc 
perceptibly  diminiOied  in  weight. 

The  quantity  of  water  abforbed  by  lime  pre- 
pared from  marble,  is  much  more  confiderablc 
than  that  abforbed  by  the  Courcelles  lime, 

Mr.  Duhamel  tried  to  drive  ofF,  by  fire,  the 
lame  vrater  which  he  had  introduced  into  the 
Jime,  but  he  found  great  difficulty  in  perform- 
ing iti  and  although  he  made  utc  of  a  melting 
furnace,  in  which  the  Qrc  was  excited  by  a  [trong 
blaft,  the  lime,  uniformly,  retained  an  increafe 
of  weight  amounting  to  four  drachma  and  an 
N  3  lialf 
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half  per  pound.  It  was,  without  doubt,  occa- 
fioned  by  the  remainder  of  the  water  which  could 
not  be  fcparated.  This  lime  was  then  in  the 
ftate  of  quick-lime,  and  prcfented  the  fame  phe- 
nomena. 

Mr.  DuHAMEt's  memoir,  moreover,  con- 
tains very  numerous  and  intcrefling  experiments 
on  quick-lime,  and  its  combination  with  acida ; 
but  as  they  would  be  foreign  to  my  fubjeS,  I 
(ball  not  enicr  into  a  detail  of  them  here.  I 
fhall  content  myfcif  with  relating,  that  lime, 
combined  with  the  three  miiieral  acids^  did  not 
afford  compounds  different  from  ihofc  obuincd 
from  chalk,  and  all  the  other  putt  calcareous 
eanhs.  Mr.  Duhamel  has  trmarktKl,  that  a 
quick  snd  penetrating  Vapour  is  difcharged^  in 
all  thcfe  combinations,  which  precipitates  a  fo- 
lution  of  filvcr,  and  this  circumftance  ad 
its  (jdOUr,  induced  him  to  fufpcft  that  it  i 
m;trinc  acid. 


Mtt.  DuHAMEL  doles  this  hitrilblr,  wit! 
It    pirttcular  obfervation,  fihich  wa.%  tfliiiKly  i 
atthe  titteof  its  publication:  he  difiblftd  faJt 
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oftjirEar  in  dillilled  waKr,  and,  on  evaporation, 
he  obtained  cryftals  from  it  i  from  whence  it  is 
evident,  that  the  oiiginal  difcovery  of  thecryftai- 
Itzuion  of  alkalis,  belongs  to  Mr.  Duhamel. 

CHAPTER    XVII. 


OBSERVATIONS  concerning  FIXED  AIR, 

AND   THE    EFFECTS   OF  CERTAIN  MINERAL 

WATERS,  BY  Mr.  ROUELLE,  LECTU- 
RER IN  CHEMISTRY  at  the  ROYAL 
BOTANICAL  GARDEN  in  PARIS". 

FIXED  air  becomes  daily  tijc  objcft  of  che- 
mical, and  ftill  more.ofphyficalinveftigation. 
The  celebrated  Mr.  Hales,  was  in  fome  degree, 

the 

*Tki  woric  wfiich  I  am  now  publlftiing  on  Blallic  Va- 
foan  and  the  Fixation  of  Afr  in  bo>lics,  was  nearly  iinifli- 
ed,  and  I  vm  piepzring  to  read  it  at  the  Academy  when 
thcfeobrcrvationiof  Mr.  Roucllc  made  thrir  appcwance. 
At  ihfy  are  Ihort,  and  as  they  arc-,  in  other  refpeft*,  very 
N  3  intercfl- 
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the  firft  who  has  poinird  out  the  road,  by  the 

,  work  which  he  has  left  us  on  that  fubjcd:.    McHrs. 

I  Black  and  Macbride  have  added  a  very  interell* 
ing  fcries  of  experiments  affording  much  light. 
And  laftly  -,  Dr.  Prieftley  at  London,  and  Mr. 
Jacquin  at  Vienna,  have  fo  ably  fupported  Dr. 
Black's  doilrinc,  that  this  fubjcft  is  become  one 
of  the  mod  ifiterefiing  in  chemiftry  and  phy- 
fics,  from  the  immediate  relation  which  ihJs 
recently  known  fubO'ancc  may,  andj  muft  baye 

Lwith  an  inSnite  number  of  the  phenomena  of 

f'lHaturc. 

I  SHALL  conEne  myfelf,  at  prefent,  to  the  re- 
lation which  fixed  air  appears  to  have  with  cer- 
tain mineral  waters,  and  fome  grand  phenome- 
na in  nature,  and  1  (halt  relate,  as  fuccinctly  as 
poOlble, 


I  ItiKreAing  snd  not  very  capable  or  abridgment,  f  thought 
r'dut  tlie  public  would  approve  of  my  giviag  them  at  Urj^. 
Rl  have  ihcicfoTc  only  tranferitied,  veriudm,  the  article, 
Pffom  Mr  Roux't  joUriul  de  Medii^inc,  for  the  oiaolU  of 
111  *,  where  thefe  obfervatiua*  uc  printed  ;  nad  it  if 
'  00  longer  1,  but  Mr.  ^onelle  who  (peaks  in  tbta  diJipter. 

'Mr-  L4iv9i/ur't  tftri  tiMtpmlUf^d  I77+. 
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poflibk,  fotne  experiments,  which  give  us  a 
Icnowledge  erf  m  ufc,  and  of  its  effe^s  on  the 
iron  which  is  found  in  thcfc  waters,  and  afford  a 
folution  of  fome  fatits  which  cannot,  in  my  opi- 
nion, be  explained  without  it. 

Distilled  water,  river  water,  Jn  ftiort,  the 
pureft  waters,  as  Dr.  Prieilley  has  marked  Are 
ealily  impregnated  with  fixed  airj  and  then  ihcy 
have  the  fame  tafte,  the  fame  flavour,  and  af- 
ford the  fime  appearances,  as  ihoii:  mineral  wa- 
ters which  are  properly  called  acidulous.  This 
has  been,  already,  6rft  completely  demondrated 
by  Mr.  Vtnel*.    The  experiments  in  proof  of  it 


*Mit.  RouELLE,  in  tht»  place,  aod  Mr.  Lavaifier'in  liii 
sccouni  of  Mr.  V'end'i  e*perim«itf,  page  jj,  have  attri- 
bated  the  firft  difcovcry  of  ihe  natural  impregnauoQ  of 
water  t»  this  ing^aious  proleltor.  I  (hotild  think  myfeff 
inexcnreable,  therefore,  if!  did  not  talte  this  opportuniiy 
of  doing  jtHlice  to  the  merin  of  our  very  worthy  atit!  tearo- 
«d  countryman  Dr.  Brownrigg.  and  this  cannot  be  done 
more  elfeElaally  than  by  iranfcrilMng  a  paOage  from  Sfr 
John  Pringlc'i  elegant  Di/ctur/r  en  tht  Sfftrtnt  kinds  tf  air, 
■^vtrtd  i'Jiri  tht  Rtym!  Sttittj^h'rvemitr  jo,  i;7J.  1 
N#  IhaU 
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are  known,  and  I  have  only  repeated  them,  that 

they   might   lead   tne   more    crrtainly,   to  thofc 

which 

I  AbII  only  obrcrvp,  that  th?  memoir  (oaulaing  the  account 
lof  Mr.  Vcnel's  experimcn»  waa  not  rend  before  the  Royal' 
I  Academy  of  Sciences  till  the  year  i;50.  and  that  he  has 
l.'tilppared  the  air,  contained  in  the  waters  which  have  been 
.   Oilkd  acidulous,  lo  be  coramoo  aimorphetical  air. 

Thk  learned  Prnfident  having  firfl  informed  u*  that  he 
bcllevei  Dr.  Scip  of  Pyrmont  had,  originally,  fnggcftcd  the 
notion  concerning  the  impregnation  of  (he  mineral  waters 
by  the  mephitis,  in  a  treatile  publilhed  in  the  German 
Unguage,  and  aflerwardi  in  a  com muniea lion  to  the  RoyaJ 
Society  in  the  year  1736,  though  that  author  fccms  not  to 
have  rightly  underllood  the  nature  of  tlai  vapour,  proceed* 
in  the  following  manner.     T.  H. 

"  Tho*  the  fallcr  dircoveT|r  of  thb  principle  we  owe  to 
"  Dr.  Broworigg  of  Whitehaven,  who  about  thirty  yeart 
"  ago,  began  clcaily  to  unfold  thii  inyllery.  Bui  ihofe  cu- 
"  rioiit  papcn  were  nor  then  infcrtcd  in  (be  Tr^nfadiotu. 
"  a*  tbe  too  modcil  author  had  rcijkciled  a  delay,  till  he 
"  Ihould  be  able  to  make  (hem  more  worthy  of  (hat  ho> 
**  nonr."  In  that  communication  he  remarlu  "  that  a  morf 
■■  intimate  acquaintance  with  (hole  nitrout  atn  in 
••  called  dimfi,  mighr  lead  (o  the  difcoicry  of  that  prim 
*■  pla  of  miaeral  waten,  known  b/  the  name  of  thctr^rirj 


r 


I 
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bich  I  afterwards  m;ide,  aqd  of  which  1  flull 
prooud  to  give  an  account. 

ift.  SoMJt  difiillcd  water  was  imprcgnitect 
with  fixed  lir  after  Dr.  Prieftlcy's  rnanner.  I 
then  Immediattly  took  a  buttle  of  it,  to  which 
I  added  a  fmall  quantity  of  iron  ore,  of  the  na- 
ture of  the  csgle  (lone,  Bpety  powdered-  This 
ore  is  not  atcra^ed  by  the  magnet,  at  lead  not 
Icnfibiy 


"  (hat  the  mpphitic  cxhaLition)  icrmcii  the  ciii.ai  t/amf,  be 
"  had  found  to  be  a  fluid  permanently  cUAk;  and  from 
"  various  experimeno.  he  hid  rc*ron  to  conclude,  that  it 
*<  entered  tbe  compofition  of  th<  waceri  of  Pynnonc,  Spa, 
*'  mad  othcrt;  imptrting  to  theio  that  p.ungcnt  ta!le,  Tropi 
"  which  they  arc  tlcnontinated  auiuU,  and  likcwifc  that 
"  volatile  principle,  on  which  their  virtues  chiefly  depend. 

"  Ik  order  to  afcertaiD  a  fafi  of  To  much  confequence, 
"  Dr.  Broworigg  look  the  appar[untl)r,  when  at  Spa  leve- 
"  ral  ycarti  to  make  Tome  t^prriments  for  this  purpofe  j 
"  when  he  had  the  fatiifaAion  to  find  thole  waters  preg- 
'*  out  with  the  artifidal  w  fatiirhui  air  of  Mt.  Boyle,  the 
•'  fame  with  that  of  the  fuifocating  ^rma  near  Naplct, 
"  and  the  fame  with  the  fiW  dgmp  of  our  coal-ininei ;  for 
"  at  iDUch  ai  thit  air  infttnily  extinguiihcd  flame,  and  the 
"  life  of  thofe  aoimali  he  hid  inclofcd  in  it." 
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fcnfibiy  (b.  The  battle  was  corked  in  ilie  clofeft 
manner  poffiblc,  and  then  fet  by,  inverted  for 
twenty  four  hours*.  It  had  then  diflblved  a 
fuflicicnt  quantity  of  iroa,  to  produce  with  an 
infufion  cf  galls,  a  (trong  vinous  violet  tint,  ra- 
ther tending  to  black. 

The  liquor  which  is  prepared  to  precipitate 
the  PruHian  blue,  or  phIogi(ligated  alkali, 
ftruck  with  it  a  grccnith  blue  colour,  and  after 
fome  days  a  portion  of  precipitate  was  formed, 
which  was  true  Pruffian  blue, 

Tnis  water  thus  impregnated  with  air  having 
been  boiled,  loll  all  its  properties.  It  became 
turbid,  dcpofittd  an  okery  matter,  and  no  long- 
er  produced  the  violet,  green,  or  blue  tint  with 
galls,  or  the  phlogifticaced  alkali. 

ExrosED  to  the  open  air  for  feveral  dayi,  it 

loft,  likcwife,  all  its  properties,   and  precifcly  in 

the 

•  *  It  Comt  :roa  filing*  be  placed  io  the  bafoo,  wh'idi  u  nTcJ 
in  Dr.  PrieAlcy  proccfi  for  imprtgnating  wtter  with  £xed  air, 

'  the  wiKT  difTolvct  i  fullicicnt  qaintiiy  oHron  during  Uie  tuns 
chat  the  other  optratiaQ  it  pcrfbnniog.    T.  H. 
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ibe  fiime  manner  as  thofe  mineral  waters  whitih 
Mr.  Monnet  calls  ferrugineous. 

I  AM  not  the  firft  perfon  who  has  thought  of  dif- 
felving  pure  iron  into  water  by  means  of  fixed 
air.  Dr.  Prieftley  informs  us,  that  bis  frieiH 
Mr.  Lane  has  put  iron  filings  into  this  mixed  wo* 
ter^  and  that  be  made  afirong  and  agreeable  cba- 
Ifheate  or  iron  water ^  fimihr  to  fome  naturdl  wa* 
ters  wbicb  contain  iron  in  folution^  by  means  of 
fixed  air  onfy  witbout  any  acid. 

But  it  is  well  known  that  iron  is  very  rarely 
found  in  the  bofom  of  the  earth,  joined  with  all 
its  phlogifton,  and  that ;  nature  Seldom  has  iron 
filings  in  her  pofleflTion.  I  therefore  thought  that 
I  ought  to  diredb  my  experiments  to  a  martial 
fubftance  more  commonly  to  be  found ;  and,  for 
this  reafon,  I  preferred  the  iron  ores  of  the  eagle* 
ftonc  kind,  which  arc  very  plentiful,  and  to  b4 

met  with  every  where.  • '  • 

* 

adly,  A  pint  of  diftilled  water,  four  grains 
of  fca-falt,  with  an  earthy  bafis,  twelve  grains  of 
£plbm  fait,  and  as  much  iron  ore  as  you  pleafe, 

for 
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for  the  water  takes  up  but  3  fmall  quantity^  no( 
being  capable  of  diflblving  more. 

This  water  being  impregnated  with  air,  yields, 
*ith  galls,  a  ftrong  violet,  or  red  wine,  color, 
tnd  with  the  liquor  of  Prufilan  blue,  a  deepiJh 
green  color  tending  towards  blue. 

3dly,  Water,  impregnated  with  air,  to  |ii 
pint  of  which  twelve  grains  of  fea-falt,  and  ciglv  T 
teen  grains  of  fixed  mineral  alkali,  had  been 
added,  took  up  lefs  iron  than  the  preceding. 
The  violet  color,  by  the  galls,  and  the  greenifli 
blue,  by  the  phlogtfticated  alkali  were  more  pale 
and  languid.  It  is  true,  that  both  thefe  colors 
lliewed  themfelves,  a  little,  after  Tome  time. 

This  water  loft,  by  boiling,  the  property  of 
turning  green  with  die  pblogifticated  Bxed  alka- 
li i  but  an  infufion  of  galls  ftill  ftiewed  fonw 
traces  in  it  of  iron. 

River  water  impregnated  with  5xed  air,  and 

9  which  a  fmall  quuiticy  of  iroo  ore  was  added* 

ftruck. 


ftfdek,  Wieh  giWii  H  ^ttty  deep  violet  cblor^  and 
a  beautiful  blue  with  the  phlogifticated  alkali. 

SoMB  of  this  ore  beitlg  mixed  with  the  faan6 
pitre  river  W^ter  tihittipregnated  with  air,  and  the 
bottle  being  well  ftopped^  and  frequently  (haken 
up,  at  the  end  of  twenty  four  hours  the  water 
yielded  no  flgns  of  the  prefence  of  iron,  by  either 
of  the  lefts. 

Mr.  Monhet,  in  his  treatifeon  mineral  waters, 
ptapoles,  a^  an  approved  method  of  making  a 
chalybeate  water  without  air;  to  inclofe  frefli 
ih)n  filings  in  ^  bottte^  well  cofked,  ^d  to  (hake 
it  Atquently  for  feve^al  days. 

I  SHALL  have  an  Opportunity  of  fpeaking,  on 
another  dccafion,  of  this  manner  of  making  fer^ 
rugineous  waters  without  fixed  air.  There  are 
feteral  natural  waters,  in  fdd,  which  contain  irop, 
without  that  intermedium,  at  Mr.  Mohnet  his 
demonftrated. 

Sdily,  Futt  Arcueil  water^  unimpregnated 
with  aU)  CO  which  the  famtt  ore  bad  been  addedi 

gave 
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gave  no  marks  of  the  prcrcncc  of  iron,    when" 

tried  by  the  tefts.     I  furnifhcd  it   with  air,  and 

the  iron  was  prefcnlly  diifolvcd :  galls  afforded 

c  a  violet  colour,  which  (hewed  ilfelf  gradual- 

I  If;  and  the  phlogidicated  alkali  ftruck,  imme- 

td>AteIy,  a  deepifb  green  colour. 

Some  fpirit  of  fait  was  added  to  this  water,  1 
with  an  inicntion  of  faturating,  in  part,  the  ab- 
forbent  earth  which  it  keeps  in  a  ftate  of  folu- 
tion.  1  afterwards  impregnated  it  with  fixed  air, 
and  I  obtained,  by  the  tefts,  the  common  violet, 
and  blue  or  green  colors  j  but  each  of  them  was 
kfs  deep  than  in  the  preceding  waters.  U  fcems 
as  if  the  prefence  of  the  falts  and  earth,  with 
which  fome  waters  are  loaded,  impedes  greatly 
the  folution  of  the  iron.  I  have  however  found, 
that  my  own  well  water  fufpends  a  Imall  quan- 
tity of  iron  without  any  air.  This  water,  being 
boiled,  depofites  all  the  iron,  fo  as  nut  to  be 
|«ffi:£led  by  the  tells. 

6thly,  Pi'RE  Sein  water,  furniihed  with  air, 
I  hf   the  comnyin  apparatus,    from  the  vapour 
mhkh  is  leparated  duHog  the  precipitation  o|_ 
heparl 
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hepar  rutphuns,  by  acids,  and  mixed  with  the 
iame  orr,  (carcely  changed  colour  wich  infufion 
of  gaUs,  and  Dot  at  all  with  the  phlogifticated 
alkali.  However,  it  muft  be  obfcrvcd,  that  noc 
only  iron  ore,  but  alfo  calcined  faffrons  of  iron, 
not  attraitable  by  the  magnet,  as  the  faffron  of 
the  rtfiduum  of  corrofive  fublimate,  and  that 
which  is  called  the  Berlin  Red,  turn  black  pretty 
readily  when  they  are  mixed  with  that  water  im- 
pregnated with  this  vapour. 

Water  furniHicd  with  this  vapour,  receives 
the  tafte  and  a  ftrong  fmcll  of  the  hepar ;  and 
retains  them  both  for  a  confiderable  time,  even 
in  the  open  air;  but  it  grows  turbid,  and  be- 
comes like  whey  which  has  not  been  clarified ; 
this  h  10  be  attributed  to  a  very  minutely  divided 
portion  of  fulphur,  which  fcparates  from  the 
ivaitT  and  precipitates. 

This  vapour,  which  arifes,  jn  the  precipita- 
tion of  hepar  by  all  the  acids,  is  very  inflamma- 
ble*.    It  is  ft  ill  fo  after  having  paiTed  through 
water, 
nu  Kort  h  Mr.  Ji«uUf'>. 
*  I  ifaouglit  tkn  I  hatl  been  the  ftrft  wlia  had  fen  thb 
phcDomcnon,  but  011  rccoUcflioa,  Mr.  Meyer  hu  mendoo- 
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wUer,  with  whith  it  fbftns  fotfcdy  afty  tinioil  v 
Wiikh  Induces  trie  to  belitve  that  it  cobtaini  rtty 
little  WM  and  pure  fixed  air,  althou^  it  be  verf 
ttpidody  difeharged  by  the  cffisrvefeence  of  the 
ieida  ^ith  the  alltali  df  tBe  hepar^  but  I  fee 
ftoiA  the  phenotnena  whieh  it  pfdfentt,  (hat  it  is 
beic;  ai  in  the  folurions  of  the  metali  by  acids, 

in 


edit.  Itwucbancewliidl  «AMd'itlDtliaM#riIatM 
nle.  My  brodKr  and  I  were  employed  in  the  yeir  1774 
to  fetamine  fome  gold  ccnn  which  Win  ff^ppoted  to  be  fo  al- 
loyed, that  none  of  the  ufual  methods  ufed  for  the  t/Taying 
9mA.  porificfttion  of  gold  could  fepai^ate  it.  We  had  at  that 
time  fbar  oancei  in  folution  by  the  hepar.  The  precipi- 
tation was  made  at  night  $  thp  candle  was  near,  and  I  be- 
held myfelF  forrouikded  On  arery  fide  with  a  litfge  flame, 
of  whith  I  toon  knew  the  caafe.  Mr»  Meyer  Teems  to  at« 
trAlnce  the  inflammability  of  this  Taponr  to  a  portion  of 
real  fnlphur,  which  is  divided  in  fnch  a  manner,  that  it  is 
volatilized,  and  carried  away  with  the  torrent  of  the  ra- 
pCNU*!  in  whichi  1  prefame,  he  was  miftaken.  The  vapour 
idelf  is  inflammable,  and  any  portion  of  fnlphur  it  may 
eontain,  bams  with  it,  and  is  only  an  acceflbry  to  its  in- 
flammation ;  ibr  if  we  agitate  this  vapour,  thus  loaded^ 
with  fnlphur,  in  water,  the  fulphur  b  feparated,  as  I  have 
lemarked  above ;  but  the  vapour,  though  deprived  of  this 
fbrtiga  Ailphur,  does  not  ceafe,  on  that  acoottnt,  to  be 
inflammable. 


r 
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in  «  very  different  ftace  from  common  fixed  air. 
Thus  water  is  but  (lightly,  and  with  great  difH- 
Ctilty,  impregnated  with  (hat  vapour.  Dr. 
Pricftlcy  has  made  the  fame  obfcrvation. 

yihly,  I  TOOK  3  pint  of  pure  river  water,  I 
then  added,  according  to  Mr  Venel's  proccfs, 
two  drachms  of  fixed  mineral  alkali,  and  Gx 
drachms  of  fpirit  of  fait,  which  from  fomc  pre- 
vious experiments,  was  the  quantity  nccctTary  to 
faturate  that  quantity  of  alkali.  The  bonle  was 
clofely  corked  during  the  time  of  effcrvefcence. 
Twenty-four  hours  after  I  opened  it  carefully, 
-  that  I  might  introduce  fome  iroa  ore,  and  I 
corked  the  bottle  again  immediately, 

Whek  forty-eight  hours  had  elapfed,  the  wa- 
ler,  ftili,  (hewed  marks  of  air  both  to  the  eye 
and  tafie }  but  only  became  moderately  brown 
with  iafufion  of  galls,  and  fcarcety  turned  green, 
fome  time  after,  by  the  addition  of  phlogidicatcd 
alkaU. 

Sthlf,  I  CAU0HT,*in  a  bladder,  the  vapour 

which  arifes  from  a  folution  of  iron  in  Ipini  of 

O  falC 
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fait.  This  vapour  which  is  inflammable,  and 
remains  fb  a  long  time,  incorporates  very  diffi- 
cultly with  water  v  but  however  fmail  the  quan- 
tity may  be  which  the  water  receives,  it,  ncvcr- 
thelefs,  contrafts  a  very  fcnfibic  odour  like  hepar 
fulphuris,  or  rottcn*'e^s. 

Water,  alfo,  abforbs  but  a  very  fmall' quan- 
tity of  the  vapour  which  arifcs  on  the  fotuiiun  of 
iron  in  the  vitriolic  acidi  but  it  does  not  coi>- 
traft  the  fame  fulphurous  fmell  as  chat  in  the 
laft  experimCfW. 

The  air  which  is  feparated  from  bodies,  is, 
then,  in  two  very  different  ftates.  In  fome,  il 
is  pure  fixed  air,  which  combines  with  water 
In  a  quantity  at  lead  equal  to  it  in  bulk,  and 
communicates  to  it  many  properties,  and  among 
others  thole  of  diflblving  iron,  and  of  precipi- 
tating lime-water,  in  the  fame  manner  as  iixcd 
air  itfelf,  &c.  Such  is  the  air  whicli  is  detached 
by  ihe  combination  of  acids  with  alkaline  and 
calcareous  fubdances,  the  vapour  which  atifes 
from  fptrituous  liquors  in  a&ual  fermentation. 
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ind  that  of  charcoal.     In  all  chefc  cafes  this  va> 
pour,  or  fixed  air,  is  not  inflammable. 


Om  the  contrary,  that  which  is  feparatcd  in 
the  precipitation  of  liver  of  fulphur,  by  any  of 
the  three  mineral  acids,  or  by  the  acetous  acid, 
that  whicK  is  plentifully  fupplicd  from  the  fplu- 
tions  of  iron  and  zinc  in  the  vittiolic  and  alfo  in 
the  marine  acids,  are  very  inflammable.  This 
vapour  palTes  through  water  without  incorpo- 
rating with  it,  and  without  lofmg  its  inflamma- 
bility, which  it  retains  for  a  long  time.  It  com- 
municates to  water  very  fcnfibly  the  tufte  and 
fmcll  which  attends  the  precipitation  of  liver  of 
fulphur.  But  yet  it  difl^crs  from  common  fixed 
air,  in  not  precipitating  lime-water  ;  and  to  fpeak 
tnpnjfanl^  it  may  be  compared  to  the  air  ob- 
tained by  the  dillillation  of  animals  and  vegeta- 
bles, which  Dr.  H.tles  fit  It  examined,  and 
which  he  has  recorded  as  being  inflammable  a 
long  time  after. 


Not  that  there  is  not  much  air  difcharged 

both  in  the  precipitation  of  hepar  fulphuris,  and 

in  tncuUic  foiucions  -,  but  it  is  evidently  com- 

O  2  bincd 
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bined  with  a  great  quandty  of  phlogifton,  and 
it  is  in  proportion  to  this  combination,  that  ths 
air  is  more  or  lefs  immifciblc  or  infolublc  in  wa- 
ter, and  becomes  inSaaimable. 


It  we  now  caft  a  view  upon  what  pallcs  in  the 
great  works  of  nature  j  I  believe  that  the  fame 
difference  exirts  between  that  incocrcible  being, 
if  I  may  be  allowed  the  cxprefTion,  which  Hies 
off  from  the  cold  mineral  waters,  which  are  falfely 
called  acidulous,  as  ihofe  of  Buflans,  Seltzer, 
&c.  and  the  fulphureous  vapour  which  arifes 
from  the  warm  waters,  as  thofe  of  Aix-la-Cha- 
pelle,  Barnes,  Cantercts,  &:c.  In  the  Brfl  it 
appears,  chat  this  being  is  nothing  but  fixed  air, 
the  fame  as  is  obtained  by  Dr.  Prieftlcy's  method. 
Indead  of  which)  the  fulphureous  vapour  of  the 
Aix-la-ChapeDe  waters,  &c.  mult  have  a  great 
rciembtance  to  that  which  is  feparated  in  tM 
prccipitatioti  of  the  hepars. 

It  might  be  hoped  that  the  chemifts,  who  art. 

more  nearly  fituated  co  thole  waten,  would  veri< 

fy  this  conjcifture,  and  alio  inform  us  whether 

*tlw  vapour  be  inAammable  like  this  of  the 

hepars. 


< 
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fc^HUt.  It  it  ^crt9iti»  that  the  latter  has  precifeljr 
the  (atne  cotour  a$  that  which  proceeds  from  the 
Mineral  waters.  It  has  alfo  the  property,  even 
when  introduced  into  water,  of  turning  filver 
black ;  as  well  as  the  metallic  calces,  and  evea 
crocus  martii  perfe^ly  calcined,  and  not  attraft* 
Able  by  tte  magnet. 

* 

.We  may  alfo  obferve  the  fame  relations  and 
the  £une  difiereaces  in  mephitic  exhalations,  of 
which  we  know  ^there  are  two  forts.  Thofe  of 
one  fpecies,  fuch  as  thofe  of  the  Grotto  del  Cafih 
gisc  not  inflammable;  they  neither  make  Al^cr 
nor  the  metallic  calots  black;  they  extinguifli 
candles,  &c.  in  the  fame  manner  as  the  vapoun 
which  are  difengaged  in  fpirituous  fermenutiM* 
Thofe  from  charcoal,  and  the  fiwd  air  ariQiig 
it^m  the  combinattofi  of  acids  and  alkali,  after 
Dr.  Prieitiey's  manner,  produce  the  famephcM^ 
mcna  as  the  Grotto  del  Cani,  and  may  be  com- 
paied  to  it  on  e?ery  accounc 

Thbrs  18  then  feparated  from  the  earth  a 
fixed  air  fimilar  to  that  produced  in  certain  che* 
mical  experiment,  and  in  the  fcmaentadon  of 

O  3  fpirituous 
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^mjtuoui  liquori  i  finoe  cb%  m  Dr.  Prieftlcf 
ttmarki,  has  alfe  the  'propeftf  of  diflblving  ia 
water.  It  is  prindpatly  oo  Kcoant  of  tlus  an^ 
lliat  the  cold  mineril  ipring^  keep  a  larger  quan- 
tstf  of  iron  diffolved,  and  that  after  -the  manner 
of  our  artificial  aierial  waters,  thejr.  readily  depo- 
fite  itf  either  by  (landing  ejcpofed  -to  the  open 
air,  or  elfe  by  being  boiled. 

•  ■ 

Thi  volume  of  fixed  air  which  is  introduced 
into  water,  is,  according  to  Dr.  Prieftley,  equal 
to  that  of  the  water  which  is  impregnated  by  it. 
This  air  is  not  merely  interpofed  among  the  par- 
ticles of  water,  but  is  in  a  ftate  of  aftual  com- 
bination \  and  the  water  may  even  be  filtered, 
without  being  fenfibly  deprived  of  it.  However, 
the  water  does  not  acquire,  by  it»  any  increafe 
either  in  bulk  or  weight,  proportionable  to  the 
great  volume  of  air  which  it  has  abforbed. 

May  we  not  futpeft,  firom  all  the  effcds  of 
fixcil  air«  that  it  is  this  which  pafles  firom  the 
earth  in  vegetation,  by  means  of  that  motion  of 
univei  tal  fermentation,  which  the  return  of  the 
fun  excites  in  oatutc,  in  the  bcgiooiog  of  fpring  ? 

U 
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}ff  hR^  the  air  which  is  combined  with  vege- 
tables,    according  to  Dr.  Hales's  experiments, 
[  jias  loft  all  its  elaftic  properties,  although  it  he 
in  quantity  very  large  and  ponderous. 

As  to  the  other  fpecies  of  mephitic  exhala- 
tions, we  know  that  there  are  feparated  in  the 
galeries  of  mines,  and  in  coal,  and  falt-pits,  &c. 
two  forts  of  vapours,  one  of  which  is  frequently 
even  vifible.  It  is  immifcible  in  water,  and 
takes  fire,  and  explodes  frequently  with  a  loud 
crack.  The  other,  on  the  contrary,  is  not  in- 
flammable, but  extinguifhes  lamps  and  candles, 
like  the  vapour  of  the  Grotto  del  Cani,  like  that 
of  fpirituous  fermentation,  and  that .  from  char- 
coal. But  they  are  equally  fatal  to  animals 
which  are  expofed  to  them. 

We  know  that  there  are  vapours  arifing  from 
certain  waters,  both  fubterraneous,  and  even 
above  ground,  which  take  fire  and  burn  very 
rapidly. 

D&.  Priestley  has  concluded,  from  fome 
f^lutary  cSc&s  of  which  he  has  been  informed, 

O  4  that 
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that  fixed  air  is  not  noxious,  and  may  be  rc- 
fpired  •.  For  my  part,  I  ftrongly  fufpeft  that 
whefever  it  be  collefted  in  quantity,  and  withouc 
communication  with  the  atr  of  the  atmofphere, 
h  may  become  dangerous,  and  perhaps  fatal, 
like  the  vapours  of  which  we  have  been  fpeak- 
I  Ing  I  of  this  I  fhall  give  an  account,  from  a  train 
1  iof  experiments  which  may  decide  the  queftionlf.'" 

As  to  the  vapour  of  hepar  fulphuris,  I  dare 
I  'ifiert  that  it  is  alfo  pernicious  tike  that  of  char- 
coal.   It  was  at  my  own  expence  I  obtained  this 
knowledge, 

*  Mt.  RoQEtLE  cmainly  ntiRilMa  Dr.  PneHiej.  The 
htm  only  meant  Uiu  it  might  be  rdpired  in  fmll  quin- 
tttiet  and  with  caution  ;  not  that  it  was  totally  innoxiotu 
in  whatever  quantity  it  might  be  rtfpireJ.  Dr.  Pricliley'* 
txpttSsoa  is,  that  "  he  was  fati^cd  that  fixed  air  is  not 
>  frr/f  any  more  /ian  {•eat ;  "  but  no  one  can  fup- 
bfe  that  heat.  In  the  extreme,  it  iniioxioiu.  DireAiona 
1^  impregnate  Water,  &c.  page  iB.    T.  H. 

t  It  ippeart  tlui  Mr.  Rouelle,  at  the  lime  of  writiBf 
■4ti«  Mcm.iir,  had  feen  no  other  part  of  Dr.  Prtelllcy't 
I  work  on  thU  rubjcA  except  hii  Dirc£Uaai  fur  impregnating 
I  Water  with  Fixed  Ak,  for  he  hai  inrericd  »  nctie  in  ihit 

pUce,  in  which  he  fiyt,  that  he  it  jnft  informed  that  Dh 

Frielttcy  liad  decided  the  quellioii.    T*  H. 


The  following  are  the  ffmptonu  which  thaC 
npour  occafiotied.  Having  been  deGrous  to 
rcfpirc  it  ftrongly,  to  difcovcr  the  charaftcf  of 
this  odour,  I  held  my  nol^rih  snd  open  mouth 
over  the  veffcl,  while  I  made  a  very  large  preci- 
pitation of  hepar.  I  was  immediately  atfeAed 
by  it,  and  fuddenly  found  myfelf  ablolutely  un* 
able  to  inlpire,  and  cfpecially  lo  expire.  I  per- 
ceived my  breaft  to  be  in  a  Hate  of  dilatation, 
joined  wiih  an  infupportable  oppreOion,  In  thit 
ficuaiion,  not  with  itanding  all  my  effbns,  I  could 
.  neither  introduce  frefti  air,  nor  expel  that  already 
in  my  lungs.  I  direftly  threw  myfelf  out  of  the 
laboratory  of  the  King's  garden,  where  I  made 
this  experiment;  I  got  into  the  open  air,  and 
fupponed  myfelf  by  the  court-wall,  for  I  felt 
myfelf  (inivcrrally  faint  -,  and  it  was  not  till  after 
1  had  made  feveral  very  ftrong  efforts  to  refpJre 
in  the  open  air,  that  1  recovered  that  funftlon, 
together  with  that  of  motion.  But  I  continued 
all  the  afternoon  ia  a  (late  of  uncafincfs  and  op- 
prcfTion, 
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prelTion,    attended  with  a  weight   in   my  head 
which  I  cannot  cafily  dcfcribc  '. 


ilkllcs  propertici 
if  it  be  intro* 


It  is  known  that  fixed 
Dr.  Priellley's  procefs,  alfo 
in  common  with  ordinary  a 
duced  into  a  vacuum,  the  vacuum  is  dcftroyed, 
and  the  veHcls  are  detached.  The  fame  pheno- 
menon is  produced  by  inBammable  air.  It  is 
therefore  able  (o  counterbalance  the  prefiurc  of 
the  atmofphere  i  which,  in  my  opinion,  proves, 
among  other  things,  that  this  vapour  is  not 
phlogifton  only  or  acidum  pingue,  as  has  been 
advanced  on  mere  fpeculation,  but,  on  the  con- 
trary, that  it  is  Ibme  kind  of  air,  which,  how* 
ever  combined,  ftill  retains  the  principa.1  proper- 
ties of  common  air,  although  it  may  differ  from 
jt  in  other  refpeds  f . 

CHAP. 


*  Mr.  Metik  h»  reltud  a  fimilar  wddcnt  wU 
bippcoecl  to  hii  affiftant,  in  his  prtfencc.  when  malciav 
precipiuiion  of  a  I&rge  ijuanury  oFhepar. 

t  I  AU  jail  informed  that  an  EogUIk  difleratton  by  Dr. 
flieSitTf  hu  lately  appeared,  wluch  coouiiu  a  very  bcnu- 
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CHAPTER     XVIIL 

JEXTRACT  OF  A  MEMOIR,  by  Mr.  BUC- 
.QUET,  Doctor-Regent  op  the  Faculty 
.    OF  Physic  in  PARIS,  entitled,  PHYsicot- 
.    chemical  Experiments  on  the  Air,  whic^ 
.    is  separated  from  bodies  at  the  time  op 
THEIR  Decomposition,  known  by  the  nam£ 
OF  Fixed  Air,  read  at  th^  I^oyal  Aca- 
demy of  Sciences,  April  ,24,  i773f 

MR.  BUCQUET,  after  having  given,  ia 
.  a  very  concife  abridgement,  an  account 
pf  the  experiments  of  Van  Hclmont,  Boyle, 
Black,  Macbride  and  Jacquin,  on  the  nature  of 
the  elaftic  emanations  which  are  difengaged  from 

bodies, 

ft 

• 

tiful  feries  of  experiments  on  fixed  air,  inflammable  air, 
and  mephidc  air  or  that  ariiing  from  putrefadion.  I  re- 
gret that  I  did  not  know  of  them  fooner ;  the  manner  hi 
•\^hich  the  experiments  are  made  which  we  have  already 
had  from  him,  aflares  us  of  the  excellent  ufe  which  mzjf 
be  made  of  every  thiiig  which  cooics  froii|  his  hands^ 
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bodies,  and  on  fixed  air,  atumpcs  to  determine, 
ift.  Whether  fixed  air  be  the  Tame  as  that  of 
the  atmofphere  1  2dly,  Whether  it  be  the  fame 
from  whatcrer  bodies  it  may  have  been  extraftcd. 

Mr,  BucQUET,  in  a  greac  part  of  his  experi- 
ments, made  ufe  of  Dr.  Macbride*s  apparatus, 
of  which  we  have  given  a  defcription  in  another 
place*.  It  may  be  recoiledied,  thatitconfifts 
of  two  bottles,  between  which  a  communication 
is  made  by  a  bent  glafs  tube.  This  apparatus, 
as  made  ufe  of  by  Dr.  Macbridc,  has  the  great 
inconvenience  of  not  permitting  us  to  operate 
on  fixed  air  without  a  very  confidcrablc  quantity 
of  atmofpheric  air  being  mixed  with  it,  and  this 
eircumftance  induced  Mr.  Bucquet  to  make  fome 
alterations  in  it.  He  added  cocks  to  it,  he  dif- 
pofed  it  in  fuch  a  manner  that  he  could  adapt  it 
to  an  air  pump;  laftly,  hecutone  of  the  botdes 
through  the  middle,  fo  that  the  upper  part  might 
be  fcparated,  and  an  accuratctarometer  be  in- 
troduced. That  which  was  defigned  to  receive 
the  fubftances  which  were  to  be  combined  toge- 
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ther  to  produce  chc  air,  Mr.  Bucquet  called  the 
iolfle  ef  mixlurt,  and  that  which  was  to  receive 
the  bodies  which  he  propofcd  to  expofe  to  the 
vapour  of  the  fepantcd  air,  he  named  the  hoitlt 
of  reception. 

Thz  refulc  of  the  experiments,  made  with  this 
apparatus,  was  that  the  air  feparated  by  all  the 
acids,  without  exception,  whether  from  chalk 
or  alkaline  falts,  was  abfolutel/  the  tame^  he 
only  obfervcd  that  the  air  drawn  from  volatile 
alkalis,  retained  a  fmelt  like  that  of  (linking 
flefli.  He  alfo  found  a  perfcft  famenefs  between 
ihe  air  detached  from  fermenting,  and  that  from 
effervefcing  fubilanccs.  This  air  has  a  pene- 
trating fmell,  which  Mr.  Bucquet  calls  odeur 
lajtufe :  it  has  the  property  of  precipitating  lime 
diflblved  in  water,  of  changing  it  into  calcareous 
eanh,  and  of  rcftoring  to  it  ihe  property  ofcf- 
feryefclng  with  acids.  It  produces  nearly  the 
fame  effeds  on  the  cauftic  alkalis  ^  it  reClores  to 
ihem  the  power  of  cfiervefcing,  and  of  cryftal- 
lifing, 

'-  Fixed  air,  in  all  thcfc  cafes,  does  not  contain 

»*"'■  any 
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any  thing  of  the  faline  fubftanccs  from  which 
it  has  been  obtained.  Syrup  of  violets,  though, 
eupofed  to  its  adion,  for  above  twelve  hours, 
in  the  apparatus  which  has  been  juft  defcribcd, 
was  in  no  wifc  altered. 

Mtt.  Bucq^et  fubmicted  this  air  to  the  ufud 
experimenrs,  to  determine  its  weight  and  com- 
preffibility,  his  rcfults  did  not  differ  fenfibly 
from  lliofc  which  are  obtained  when  commoi 
air  u  employed. 

Mr.  Bucquet  afterwards  examines  the  air 
produced  by  the  folution  of  metallic  fubilances, 
and  he  found  it  very  different  from  that  which 
is  fcparated  cither  by  cfiervcfcence  (from  calca- 
reous earths  and  alkalis)  or  by  fermentation. 
This  air  is  not  at  all  fufccptible  of  being  com- 
bined with  water;  it  is  equally  incapable  of  com- 
bination, either  with  lime  or  with  the  caulUc 
alkalis  i  however  long  a  time  they  were  expofed 
to  its  action,  they  did  not  recover  the  properi 
of  effcrvefciog  with  acids. 

Fixed  air  difcbargedfroanacffervefciogmbc™ 
turc. 


■•5 


fit/ASTiC   VAPOOftS.  i6> 

f Oie,  oMibined  diftemards  with  wine,  does  not 
convert  it  into  vinegar ;.  it  only  commbhicatei 
to  it  an  acerb  tafte,  which  may  however  be  dkfi 
firft  ftage  of  the  acetous  fermentation. 

* 

Mr.  Bucquet  then  proceed!  to  examine,  if 
the  air  produced^  either  by  efiervefcence  or  fer^ 
mentation  be  inflammable,  like  that  feparafced 
from  zinc  or  iron,  by  the  vitriolic  or  marine 
acids,  as  Dr.  Hales  has  advanced  •,  but  he  was 
not  able  to  make  it  burn. 

From  thefe  experiments,  Mr.  Bucquet  con«* 
eludes,  that  air  produced,  either  by  e^ervefcence, 
fermentation,  or  metallic  folution,  is  not  pre- 
cifely  the  fame  as  that  of  the  atmofphere,  thougfi 
equal  in  weight  and  elafticity  -,  that  air  produ- 
ced by  efFervefcence  and  fermentation  differs  from 
that  of  the  atmofphere,  and  that  of  metallic  fo- 
lutions,  in  the  very  great  aptitude  which  it  has 
to  combine  with  lime,  wrth  alkalis,  and  eveA 
with  water ;  and  laftly,  that  the  air  from  me- 
tallic folucions  has  the  diftinguilhing  character 
of  being  inflammable* 

Though 
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Though  ihefe  experiments  be  very  fimilar  to 
thofe  which  had  been  publifhed  before  Mr.  Buc- 
quet's,  and  cfpeciaily  lo  Dr.  Pricfticy's,  they 
are  not  lefa  valuable  in  phyfics.  Expcrimenti 
on  3  rubjefl  fo  intricate,  and  which  is  Hill  left 
In  obfcuriiy,  cannot  be  too  much  multiplied. 
It  is  alfo  of  Ibme  imporunce  to  know  that  we 
may  arrive  at  the  fame  refults  by  different  pro- 
ceiTes. 


CHAPTER    XIX. 

An  appendix  ok  FIXED  AIR,  bv  Mr. 
BAUME.  MASTER.APOTHECARY  at 
PARIS,  or  THE  ROYAL  ACADEMY  0% 
SCIENCES'. 


SOME  philofophers  are  of  opinion,  that  there 
are  properties  difcovered  in  fixed  air,  that 
fliould 

*  Thi  apprthconon  thftt  I  mtglit  be  accufcd  of  having 

Ihewn  ■  fpirit  orputiility,  ia  luviag  brought  (o  view,  tt 

Iharc, 


J 
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ihould  letd  to  the  rcjedion  of  phlpgifton,  and 
the  fabftitution  of  fixed  air,  in  its  place  *.  Ac<« 
cording  to  thefe  philofophers,  fixed  air  ought  to, 
bring  about  a  total  re  volution,  in  chemiftry,  and 
change  the  order  of  all  the  knowledge  which  has 
been  acquired.  But  the  experiments  which  have 
been  publi(hed,  hitherto,  have  appeared  to  tn% 
to  afford  phenomena,  concerning  the  caufe  of 
which,  I  apprehend,  miftaken  notions  have  been 
received,  as  it  will  be  eafily  judged  by  tho^  fol- 
lowing refledions. 

We  have  proved  in  many  places  of  this  work, 
and  agreeably  to  the  mod  celebrated  philofo- 
phers  that  air  is  an  element  which  enters  into 
the  compofition  of  mod  bodies.  Hales,  in  his 
Vegetable  and  Animal  Statics,  has  demonftrated 
this  truth  by  a  great  number  of  well  executed 

cxperi- 

*  We  are  ignorant  who  tbefe  philofophers  are. 


I  have,  whatever  has  been  hitherto  written  on  the  fubjeft 
of  fixed  air,  has  engaged  me  to  tranfcribe,  here,  this  ap- 
pendixy  which  is  to  be  foand  at  the  end  of  the  third  to^ 
iame  of  Mr«  Baome's  Chemiftry^  page  693. 

P 
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experiments.  He  has  calculated  the  weight  and 
the  volume  of  air  contained  in  different  bodies, 
and  he  has  given  the  name  of  fixed  air  to  that 
which  enters  into  their  compofnion;  that,  in 
Ihort,  which  is  become  one  of  their  conftituenc 
principtcs,  and  which  has  Io(l  its  elafticicy  and 
all  the  properties  of  pure  and  aggregated  air^ 
and  he  has  given  the  name  of  elaftic  air  to  tb| 
which  is  difengaged  from  bodies. 

Air,  as  we  have  obfcrved,  under  that  head, 
is  one  and  the  fame :  there  is  only  one  fpecio 
^  air.  This  clement  may,  and  in  fa^  dues  < 
ter  into  an  in^nite  number  of  combination 
but  when  it  is  dilengaged  from  bodies  wito 
which  it  was  combined,  it  recovers  all  its  pro- 
perties, and  when  it  is  properly  purefied 
no  wife  difien  from  that  which  we  refpirc. 


What  many  chemifts  call  fixed  air  at  prcfcnt, 
appears  to  be  that  which  has  been  feparatcd  from 
bodies  by  dilTcrent  methods:  but  it  ought  rather 
to  be  denominated,  as  Dr.  Hales  has  called  it, 
detached  or  clallic  air.  In  h&,  air  thus  (cpa- 
rated  from  bodies  is  no  more  Bxed  than  that 
which 
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wiitcb  «e  iMvithe,  fince  it  rccoters  all  ks  daftic 
prdpfttica  as  that  phibfopher  has  detnonfh'ated* 

AiA,  as  we  hare  declared  iq  many  parts  pf 
dtt9  workf  not  only  difiblves  water  and  is  £itii* 
mted  with  it,  but  it  alfo  diflblves  cnly  fubftance^ 
&e. 

Wtf EM  ^r  has  been  detached  from  bodies^  by 
fobmitting  them  to  diftillation  in  an  apparatus 
fimilar  to  that  delcrrbed  by  Dr.  Hales,  real  pht<» 
lofophers  call  it  fixed  air.  This  ah*,  in  dilen** 
gaging  itfelf  from  the  bodies,  to  which  it  was 
united,  carries  along  with  it  different  labftances 
which  it  actually  holds  in  folution,  and  proper-* 
ties  are  attributed  to  it,  which  do  not  belong  to 
the  air,  but  merely  to  the  foreign  fubftances 
with  which  it  is  loaded.  It  appears  that  this 
diftinftion'  has  not  been  made,  which  however 
ought  to  prefent  itfelf  naturally. 

Whek  an  acid  is  combined  with  a  calcareous 
earth,  with  an  alkaline  fait  or  with  a  metallic 
fubffance,  thei'e  is  feparaced,  as  we  have  remai1(- 
ed,  a  confidefabte  quantity  of  air  and  6f  ttt  fat 

.  p  2  a  date 
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a  (late  nearly  pure,  which  could  by  no  meam 
enter  into  the  conapofition  of  the  neutral  fait 
which  refulcs  from  this  union.  If  we  colleft, 
by  a  fuitable  apparatus,  the  air  which  is  detached 
while  this  combination  is  formed,  the  air  thus 
detached  is  ftill  mmcd  fxed  air.  Properties  arc 
found  in  this  air  different  from  atmofpheric  air, 
and  it  is  therefore  concluded  that  fixed  air  is  not 
ihc  fame  in  all  bodies  ;  but  the  different  proper- 
lies  which  arc  difcovered  in  it,  ought  to  be  at- 
tributed, as  we  have  juft  faid,  to  the  foreigo 
fubtlanccs  with  which  it  is  loaded. 

Am  which  is  feparated  from  bodies,  during 
either  the  fpirituous,  acetofc  or  putrcfaAivc  fer- 
nientauon,  is  alfo  denominated  fixed  air;  and 
thefc  fevcral  kinds  of  air  differ  from  each  other, 
like  the  bodies  from  which  they  have  been  pro- 
duced. Thefe  obfcrvations  alone  might  be  fuf- 
ficient  to  fhew  that  thefc  different  properties 
ought  to  be  attributed  to  the  matter  with  which 
the  air  is  impregnated,  and  not  to  the  air  kfelf, 
which  is  an  element  incapable  of  any  alceraiion. 
But  inftead  of  making  ihefc  reflcdions,  there 
appears  a  difpofidon  to  eftablilh  as  many  fpecies 
of 


J 


r 


I 
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•fair,  35  there  arc  bodies  which  can  fupply  ir*. 
which  can  anfwer  no  purpofc,  but  to  obfcure 
die  theory  of  chemillry.  Some  perfons  are  al- 
ready witling  to  admit  of  fixed  air  which  is  in- 
flammable i  of  fixed  air  which  reduces  the  me- 
tals to  a  calx,  and  caufes  the  augmentation  in 
their  weight;  of  antifcptic  fixed  air,  which  re- 
stores putrefied  flefh  to  fweeinefs,  &c.  &c. 

There  is  not  the  lead  doubt,  but  when  an 
highly  reiftified  oily  fubftance  is  diflblvcd  by  air, 
and  is  coUedted  in  a  proper  fpace,  it  will  burn, 
as  Dr.  Hales  has  remarked  in  many  parts  of  his 
Vegetable  Statics,  and  particularly  in  his  analyfls 
ofpeafe,  oyfter  Ihells,  amber  and  wax,  though 
he  afterwards  waflKd  the  air,  fcparated  from 
thcfe  fubllances,  eleven  times.  Oily  fubdances, 
thus  dilTolvcd  by  the  air,  or  reduced  to  the  Hate 
of  vapours,  almod  always  take  fire,  with  an 
explofion,  on  the  approach  of  a  candle  i  but  it 
is,  by  no  means,  the  air  which  burns  that  ele- 
ment IS  not  combutlible. 

P  J  It 

*  Mk.  Bauui  ceminly  makes  the  advocatv^t  for  l!icc4 
■ir,  appear  a  holding  abfurd  notiont,  which  never  entered 
imo  TiiciT  heatb.    T-  H- 
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It  has  been  4  received  doctrine  among  che- 
mifts,  that.metah  are  reduced  to  calces,  only  by 
the  lofs  of  a  portion  of  phlogifton,  and  Ehat  they 
recover  tlieir  metallic  brilliancy,  Tuch  as  before 
calcination,  whenever  this  inflammable  principle 
U  reftorcd  to  them  i  but  fome  philofophers,  par- 
tifans  of  Bxed  air,  aflcrt,  on  the  contrary,  that 
ii  is  to  the  air  wliich  becomes  fixed  in  the  ntctaJ, 
during  its  rcduftion  into  a  calx,  that  this  change 
of  (late  and  the  caufe  of  the  augracaeation  in 
Mwlght  ought  to  be  attributed.  Thefe  philofo- 
phcrs  fuppofe,  that  by  detaching  from  the  me- 
tallic calcss  ihe  Bxed  air  widi  which  they  are 
loaded,  they  may  be  redored  to  their  metallic 
form,  without  any  addition,  even  without  fire ; 
but  this  opinion  relative  to  their  rcduftion  ap. 
pears  founded  on  miftake,  as  phlogiftic  vapours 
,  9tr«,  imperceptibly,  made  ufe  of  in  tbefe  ope- 
ratidfu. 


Wb  have  fcid,  under  the  article  of  ii»cr  of 
fulphur  precipitated  by  an  acid,  that  the  vapours 
vhich  arifc  from  it  arc  not  at  all  in6ammable, 
but  that  they  reftore  without  fire  the  metallic 
calces  to  their  brilliancy.  It  is,  by  no  meant, 
the 


the  air  which  produces  this  cS"e£V,  but  merely 
the  pblogiftic  principle  which  it  contains. 

With  regard  to  fixed  air  as  an  antifeptic,  it 
i$  very  probable,  that  there  are  many  fubftanccs 
poflefltng  antireptic  propcnies,  which  air  may 
diflblve,  and  which  may  alfo  counteraft  putre- 
faction, fuch  as  the  Peruvian  bark  and  other 
albingcnt  bodies,  which  alio  have  antifeptic  qua- 
lities when  immediately  applied  to  putrefied 
Belh. 


From  thefc  rcfleftions  we  may  conclude,  ift. 
That  what  is  calkdjxed  air  is  improperly  named; 
the  appellation  of  detached  or  elafiic  air,  which 
Dr.  Hales  has  given  it,  is  better  adapted  to  it. 

2dly,  That  fixed  air,  under  this  denomina- 
tion which  has  been  given  to  it,  is  common  air, 
but  impregnated  with  foreign  fubftances  which 
ic  bolds  in  Iblution  -,  air,  which  may  frequently 
be  purcficd  and  rcftored  to  the  ftatc  of  good  air, 
fimilar  to  that  of  the  atmofphere,  by  caufing  it 
to  pafs  through  difB:rent  liquors,  proper  for  iil- 
tering  it,  and  for  retaining  the  foreign  matters, 
which  dcftroy  its  purity. 

P4  3%. 
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3dly,  Fixed  air,   according  to  this  theory, 

ought  no  longer  to  be  examined,  in  the  point  of 

view  in  which  it  has  hitherto  been  confidercd, 

■  but  merely  with  refpeft  to  the  fubftanccs  which 

I  air  is  capable  of  diffolving  or  of  being  imprcg- 

I med  with. 

4thly,  -There  is  therefore  2  field  for  3  curiout 
tfjin  of  experiments  which  may  acquaint  us  whac 
futiltances  may  be  diJtblved  in  air,  and  what  may 
be  the  properties  of  ihefc  fubllances  when  re- 
duced to  this  ftaie.  Thcfc  experiments  made, 
in  this  point  of  view,  would  le^  to  more  clear 

|>and  certain  knowledge,  than  any  which  have  hi- 

,  <hcrto  been  publiflied. 


4 


5thly,  The  cafe  is  the  fame  with  air  as  withl 

water;   both  elements  have  the  quality  ofdif- 

tiblving,  and  being  faiurated  with  feveral  fub- 

l.ftances ;    each  of  ihclc  elements  acquires  new 

properties  which  belong  neither  to  water  nor  to 

IaIf,    but  merely  10  the  fubdances  with  which 

Mhey  arc  impregnated.     As  there  are  certain  bo- 

I  dies  which  water  is  Capable  of  dilfolving,  and 

which  cannot  be  Icparaicd  from  it;   the  fame 

fhould  be  the  cafe  with  air:  this  loft  elemenc 
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may  be  impregnated  with  fubftances  as  volatile, 
and  as  dilatable  as  itfelf,  and  which  can  never 
be  feparated  from  it,  cither  by  diftillation,  fil- 
tration, or  any  other  method ;  but  it  does  not 
the  lefs  follow,  but  that  thefe  new  properties 
which  are  to  be  found  in  the  air,  (hould  always 
be  attributed  to  the  foreign  fubftances^  and  not 
to  the  air  itfelf  •. 


*  The  SB  nineteen  Chapters  contain  all  that  is  moft  in- 
tereiUng  relative  to  fixed  air»  which  I  have  been  able  to 
obuin.  I  might  have  added  here  an  extradl  from  a  very 
well  written  thefis,  in  favour  of  Dr.  Black's  theory, 
which  was  maintained  at  Edinburgh,  September  12th, 
1772,  by  Mr,  Rutherford;  but  as  it  contains  only  a  fnm- 
Xnuy  of  what  has  been  written  on  this  fubjed  by  Meflrs. 
Blacky  Cavendifh  and  Lane,  I  was  apprehenfive  it  might 
lead  me  into  unneceiTary  repetitions. 

I  AM  alfo  acquainted  that  there  has  appeared  lately  a 
CoUe£kion  of  Chemical  DlfTertationSy  by  Dr.  Wiegel,  a 
Phyiician  at  Griefwald,  ia  one  of  which  he  treats  of  fixed 
air  and  of  the  acidum  pingue  ;  but  it  has  not  been  in  my 
power  to  procure  that  work. 


pND  OF  THE  FIRST  PART. 


THE 
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New  inquiries  relative  to   the  exis- 
tence OF  AN  ELASTIC  FIXABLE  FLUID 

IN  CERTAIN  SUBSTANCES,  AND  THE  PHENOME* 
NA  RESULTING  FROM  ITS  DISENGAGEMENT, 
OR   ITS  FIXATION. 


THE 
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New  inquiries  relative  to  the  exis- 
tence OF  AN  ELASTIC  FIX  ABLE  FLUID 

IN  CERTAIN  SUBSTANCES,  AND  THE  PHENOME- 
NA RESULTING  FROM  ITS  DISENGAGSMBNTy 
OR   ITS  FIXATION. 
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of  phik^phers  as  to  the  merit  of  thefe  difFerrnt 
fyftetns* 

Svcn  n  the  objeft  which  I  propofe  to  com- 
plete in  the  three  firft  chapters  of  this  iecond 
pare  As  the  experiments  which  are  here  re- 
latec^  are  attclofely  coikieAcfd  with  each  other, 
die  unremitted  attention  of  the  reader  will  be  re- 


EXPERIMENT    I. 

Thb  Solution  of  Chalk  in  the  Nitrous 

Acid. 

I  POURED  into  a  imall  matrafs,  with  a  long 
narrow  neck,  fix  ounces  of  the  nitrous  acid,  the 
weight  of  which  was  to  that  of  water  as  i2g^Sgs 
to  loo^ooo.  I  added,  by  diegrees,  fome  chalk 
m  powder  dried  in  a  degree  of  fire,  long  con* 
timied,  iiearly  equal  to  that  in  which  mercury 
boils* 

The 


I 


ELASTIC  VAPOURS.         223 

The  folution  was  eflcAed  by  a  quick  cScr- 
Tcfccnce,  but  with  fcarcety  any  heat.  I  tcx)k 
care  to  keep  the  matrafs  as  much  flopped  as 
poffiblc;  only  opened  it  from  time  to  time,  to 
give  vent  to  the  vapours  which  were  difcharged 
impetuouBy-,  ihefe  precautions  were  taken  that 
the  evaporation  might  be  as  fmall  as  pofTible. 
Two  ounces,  three  drachms,  and  thiny-fix  grains 
of  chalk  were  employed  to  faturaie  the  acid  i  ibe 
whole  weight,  therefore,  of  both  fubftanccs, 
amounted  to  eight  ouncci,  three  drachms,  and 
thirty-Gx  gruns :  bat  having  weighed  diem 
again,  after  their  combination,  the  weight  was 
DO  more  than  (even  ounces,  three  drachms,  and 
thirty- fix  grains  -,  which  made  the  lofs  in  weight 
cxaAiy  one  ounce.  This  could  only  be  attri- 
buted to  the  etaftic  fluid  which  was  fcparatcd, 
ud  the  watery  or  other  vapours  which  it  had 
carried  off  with  it :  a  method  was,  therefore,  to 
be  difcovered  to  reuin  and  examine  them.  This 
I  propoled  to  do  by  the  following  experiment. 


EXPE. 
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EXPERIMENT    11. 

(To  Measure  the  Quantity  or  the  Elastic 
Fluid,  separated  during  the  Solution 
Of  Chalk,  in  the  Nitrous  Acid. 


A.  B.  Figure  ift,  Is  a  brafs  difti  of  ten  inches^* 
diameter  I  in  its  cenier,  at  C.  is  a  ftiaft  which 
fupports  another  difh,  E.  F.  round  like  the  for- 
mer, and  of  5f  inches  diameter.  On  thi^ 
fccond  difti  another  fliaft  is  erefted,  G. 
which  fupports  a  frame  reprcfenied  feparatcly  in" 
figure  fecond.  This  frame  is  defigncd  to  bear  a 
glafs  phial  I.  in  form  of  a  pear.  It  ftiould  have 
a  fpout  to  prevent  the  fluid,  which  it  is  dcfigned 
to  pour,  from  trickling  down  iu  outfidc  ;  in  de- 
fault of  a  fpout,  one  may  be  made  of  wax.  The 
phial  I.  inftead  of  being  fufpended  by  two  pivots, 
ought  rather  to  be  fuilained  by  two  hemifpheri-" 
cal  leather  caps,  with  a  fcrew,  which  may  fepa- 
rate  or  bring  them  nearer  according  as  the  phial 
employed  is  mofc  w  Icfs  thick.  The  inferior 
part  K.  of  this  phial,  ought  to  be  baliafled  with 
lead,  in  order  to  keep  it  Ib-aight.  It  fbould  alfo 
have 


^i         luvc  i 
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luvc  in  this  part  a  button  K.  to  which  a  thread 
Oiould  be  connefted.  This  laft  fliould  pafa 
abov£  the  frame,  and  be  introduced  through  the 
hole  M.  in  the  lower  difli,  which  is  furniflicd 
with  a  Tmall  pully.  This  thread  fcrves  to  make 
a  fwing  for  the  bottle  1.  when  it  is  thought  pro- 
per.  AH  this  apparatus  is  covered  with  a  large 
receiver  N.  N.O.  O.  of  fix  inches  diameter,  and 
from  two  and  a  half  to  three  feet  high.  Laftly, 
the  whulc  fhould  be  placed  in  an  eatthen-ware 
ciftcrn  V.  V.  S.  S.  of  one  foot  diameter  in  its 
bottom,  and  nearly  of  the  fame  height,  h  is 
reprefcnted  as  tranfparrnt  in  the  figure,  that  the 
whole  detail  of  the  apparatus  may  be  better  un- 
dcrftood. 

Whem  this  machine  is  to  be  made  ufe  of,  i 
certain  quantity  of  acid,  or  any  other  liquor  » 
to  be  placed  in  the  bottle  I.  In  the-  bafon  Q^ 
is  placed  fome  chalk,  alkali,  or  other  fubllance 
of  which  you  would  make  your  folution.  The 
ciftcrn  V.  V.  S.  S.  is  to  bellied  with  water, 
fusion, 


I  byf 


by 


meaiu  of  the  hole  R.  at  the  top  of  (he  receiver, 
and  to  be  made  to  ibourc  nearly  to  Y,  Y.  high- 
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er  or  lower  according  to  the  nature  of  the  expe- 
riments which  are  propofcd  to  be  made.  In 
fine,  by  means  of  the  funnel  rcprefcnted  in  fi- 
gure third,  fonle  oil  is  to  be  introduced  into  the 
reerivcr.  The  oil  being  lighter  than  the  water 
mounts  to  its  furface  Y.  Y.  and  by  its  interpofi- 
tion  prevents  the  elaflic  fluid,  feparated  in  the 
combination  of  the  acid  and  alkali,  from  being 
abforbed  by  the  water.  As  foon  as  every  thing 
is  thus  prepared,  the  thread  R.  is  to  be  drawn, 
which  pafTes  through  the  three  puUies  marked 
p.M.ti.  and  gives  a  fwing  to  the  bottle  I. 


■  To  this  apparatus  may  be  joined  a  pump, 
and  this  precaution  is  even  indifpenfably  ncccfia- 
ry  where  fubftances  arc  employed,  whofe  vapours 
an*  noxious,  and  will  not  permit  the  air  to  be 
fucked  wilhom  inconvenience.  Such  a  pump 
is  reprefented,  adapted  to  the  apparatus  in  fi- 
gure firft.  P.  P.  reprcfcms  the  body  of  the 
pump,  Z.  the  ring  which  ferves  to  raife  the  pif- 
lon.  At  each  flroke  the  air  is  drawn  in  by  the 
pipe  X.  L.  wliofe  extremity  X.  muft  rife  within 
fome  lines  of  the  dilh  :  it  is  then  Sited  again, 
and  the  air  driven  out  through  the  body  of  ibc 
pump 
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pump  by  the  pipe  T.  As  the  lower  extremity 
L.  of  the  pipe  X.L.  as  well  as  the  extremity  s. 
of  the  pipe  which  fuftains  the  pump,  is  defigncd 
to  ftand  in  the  water,  the  fcrews  in  thofe  parts 
fliould  be  guarded  with  leather  well  grcafed. 
We  fhall  fee  in  the  fequel,  other  ufes  to  which 
,tbis  pump  may  be  applied. 


I 


Into  the  bottle  I.  fig.  i(l.  I  put  an  ounce  and 
half  of  the  fame  nitrous  acid  as  that  employeift 
in  experiment  the  firft.  In  the  bafon  Q^  wa 
placed  four  drachms  and  fixty  three  grains  trf  ' 
the  fame  chalk,  and  dried  in  3  degree  of  heat  in 
which  mercury  boils.  The  water  was  raifcd  up 
to  Y.  Y.  as  above  mentioned,  and  J  introduced  a 
covering  of  oil  upon  the  furface  of  the  water* 
I  then  mixed  the  acid  and  chalk  by  means  of 
the  fwing,  taking  care  to  do  it  gradually,  lead 
by  the  brifknefs  of  the  cfFcrvcfcence  the  liquor 
fliould  run  over  the  lides  of  the  bafon. 

The   water  fank   fuddcniy  in   the   receiver 

N.N. 0.0.  and  fettled  fevcn  and  a  half  incbe* 

beneath  the  furface  Y.  Y.    The  receiver  in  this 

pl^cc  wu  feventy  Uncs  ^  i  whence  it  followt 

0^3  thai 
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that  the  quantity  of  claftic  fluid  icparatcd,  3- 
mounied  to  two  hundred  and  fix  cubic  inches  ■, 
but  in  about  a  quarter  of  an  hour,  the  fmall 
degree  of  heat  railed  in  the  combination  being 
dilGpated,  the  quantity  of  elaftic  fluid  was  re> 
duced  to  two  hundred  inches.  After  which 
there  was  no  farther  fcnfible  variation,  even  for 
feveral  days.  The  thermometer  •  during  this  in- 
terval of  time,  ftoud  from  flxteen  to  feventeen 
degrees,  and  the  barorneter  ^t  about  tyventy- 
eigbt  inches. 

The  quantities  of  nitrous  acid  and  chalk  em- 
ployed in  this  experiment  were  only  a  fourth  of 
thofe  ufed  in  the  former  one ;  whence  it  follows 
that  if  fix  ounces  uf  the  nitrous  acid,  and  two 
ounces  three  drachms  and  thirty-flx  grains  of 
chalk  had  been  employed,  as  in  the  firft  experi- 
ment, there  would  have  been  a  reparation  of 
eight  hundred  cubic  inches  of  elaftic  fluid  :  but 
the  lofs  of  weight  in  the  firft  experiment  was 
exactly  one  ounce ;  therefore  eight  hundred  cu- 
bic inches  of  daltic  fluid,  fuch  as  is  feparaied 
from 

'Rcaumar'tUtwniemccerwu  ufeJ  in  all  ihv(etxpa\mntin 
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from  chalk,  loaded  no  doubt  with  a  large  quan- 
tity of  watery  vapours  which  arc  carried  off  with 
it,  weigh  cxaiSIy  one  ounce,  in  a  temperature 
from  fixteen  to  feventccn  degrees  of  the  thermo- 
meter. A  cubic  foot,  therefore,  or  one  thou- 
fand  feven  hundred  and  twenty-eight  cubic  inches 
of  this  claftic  fluid,  weighs  two  ounces,  one 
drachm  and  twenty  grains  j  but  a  cubic  foot  of 
common  air  in  that  temperature  does  not  weigh, 
according  to  the  obfervations  of  Mr.  de  Luc, 
more  than  one  ounce,  two  drachms  and  fixty- 
fix  grains*.  From  whence  we  may  already 
draw  one  or  other  of  thefe  conclufions,  either 
that  the  elaftic  fluid  difchargcd  from  chalk  by 
effcrvefcence  weighs  about  one-third  more  than 
common  air,  or,  what  is  more  probable,  that 
by  the  violence  of  the  efl^crvefcencc,  it  carries 
oflT  with  it  a  confiderable  quantity  of  watery  or 
other  vapours,  which  contribute  to  increafe  the 
lofs  of  weight  obfervcd  in  experiment  firft,  and 
which  occaflon  the  elafttc  fluid  CO  appear  heavier 
than  it  really  is, 

Q_3  EXPE- 

•  The  French  drachm  u  divided  into  72  griini. 
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EXPERIMENT     III. 

To    DETERMINE  THE    PROPORTION  OF  WaTER 
NECESSARY    TO  SATURATE    A    GIVEN   QuAN- 

Tijy  OF  QyicK-LiME. 


I  PUT  into  an  iron  kettle  twenty-eight  ounces 
and  fix  drachms  of  quick-lime,  and  b/  degrees 
poured  on  ic  a  fufHcienc  quantity  of  water  to  re- 
duce it  to  a  parte  of  a  moderate  confiftcnce. 
After  the  ebullition  was  over,  the  kettle  was 
placed  on  a  gentle  fire,  to  evaporate  the  fupcr- 
abundant  moillure.  Care  was  taken  to  ftir  the 
mixture  frequently  with  an  iron  fpatula,  to  pre- 
vent its  uniting  and  forming  into  large  malTes ; 
towards  the  end  the  tire  was  increafed,  and  gra- 
dually railed  to  a  degree  equal  to  (hat  of  boiling 
mercury  j  and  it  was  kept  up  to  this  for  fcveral 
hours.  Ai  length,  when  the  matter  appeared 
to  be  perfeflly  dry,  I  withdrew  it  from  the  fire, 
and  weighing  it,  while  hot,  the  whole  weight 
was  found  to  be  exactly  thirty-feven  ounces.  I 
then  quickly  reduced  into  powder  all  the  lime, 


ELASTIC  VAPOURS.         131 

in  a  mortar  which  was  kept  continually  hot ;  it 
was  pafled  through  a  filken  fieve,  and  kept 
cloTely  ftopped  in  a  glafs  bottle  for  ufe. 

It  appears  from  this  experiment^  that  the 
relative  weight  of  quick  lime  to  that  of  flaked 
lime  is  as  1000  to  1287 ;  that  is  to  fay,  that 
1000  parts  of  quick  lime  can  abforb  -^^  of 
water,  or,  in  other  words,  that  every  pound  of 
this  fubftance  can  imbibe  four  ounces,  four 
drachms  and^fifcy- three  grains  of  water, 

« 

It  might  perhaps  be  imagined  that  the  lime 
not  only  abforbs  the  water  during  its  extinftion, 
Ihic  that  the  air  itfelf,  or  fome  matter  fufpended 
in  the  air,  combines  with  it  during  the  operation, 
and  contributes  to  the  augmenution  of  weight 
which  has  been  obferved.  The  following  expc^ 
riment  will  deftroy  thefe  conje&ures,  and  make 
it  evident  that  the  external  air  has  no  concern  in 
^e  phenomena  attending  the  extinAion. 


0^4  EXPE^ 
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EXPERIMENT    IV. 

Lime  slaked  in  the  Vacuum  or  an 
Aia  FuMP, 

An  ounce  and  half  of  quick  lime  broken  into 
pieces  of  a  moderate  fizr,  was  placed  in  a  glafs 
veffel,  and  a  fufficient  quantity  of  water  poured 
on  it;  after  which  the  vcncl  was  placed  undA' 
the  receiver  of  an  air  pump,  and  a  vacuum 
made  as  quickly  as  polTiblc. 


The  phenomena  attending  the  exdndion  were 
in  no  wife  di(^renl  from  thofe  which  were  ob- 
ferved  in  the  open  air.  During  a  fpace  of  fomc 
minutes  die  mixture  fwellcd,  attended  with  ebul- 
lition and  heat.  The  lime'  was  reduced  to  a 
white  paftf,  which  was  dried,  and  found  to  have 
received  aa  increafc  of  weight  nearly  equal  to 
that  obfcrved  io  the  former  experiment.  1  do 
not  deny,  that  the  lime  might  abforb  a  liitlc 
elaftic  air  during  the  operations  of  Qaking  and 
drying  it ;  but  the  quantity  is  very  inconllder- 
able. 


'r* 
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able^  and  almoft  nothing  in  comparifon  of  the! 
quantity  of  water  which  it  abforbs. 


EXPERIMENT    V. 
The  Solution  of  Lime  in  ths  Nitrous 

■ 

Acid. 

INTO  a  fmall  matrafs,  with  a  long  narrow 
neck,  were  poured  fix  ounces  of  the  fame  nitrous 
acid  as  that  ufed  in  the  former  experiments.  I 
then  added,  by  degrees,  fome  of  the  flaked  lime 
faturated  with  water  and  dried  as  in  experiment 
the  third. 

The  firft  portions  were  diflfolved  with  fcarcely 
any  motion,  but  as  the  acid  became  more  fatu- 
rated, the  efFervefcence  grew  porportionably 
greater ;  but  yet  this  efFervefcence  was  different 
from  that  arifing  from  the  folution  of  chalk  :  the 
bubbles  were  frequent,  but  fmall,  and  the  fwell- 
ing  inconfiderable  (  the  heat,  on  the  contrary, 
wu  very  ftrong,  and  even  fuch,  that  it  spear- 
ed 
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ed  as  if  ihe  phenomena  of  boiling  were  joined  to" 
thofc  of  effervcfcence.  The  quantity  of  lime  ne- 
ceflary  for  facuration  was  one  ounce,  five  drachms, 
and  ihirty-fix  grains  i  the  weight  of  the  fame 
materials,  afccr  combination,  was  found  to  be 
feven  ounces,  four  drachms,  and  feveniy  grains. 
The  lofs  of  weigh:,  therefore;  was  only  thirty- 
eight  grains. 

It  was  of  fome  importance  to  compare,  as  in 
experiment  the  firft  and  fccond,  the  lofsof  weight 
obfervable  during  the  effervcfcence  with  the  quan- 
tity of  elaftic  fluid  which  is  feparated.  To  t:{Yc& 
this,  the  apparatus  ufed  in  experiment  the  fir$ 
was  employed  in  manner  following  : 


EXPERIMENT    VI. 


to  determine  the  quantity  of  elastic 
Fluid  which  separates  from  Lime  duk- 

tUQ  ITS  SOLUTIOH  ]N  THE  NiTROUS  AclD. 

.  ,    IN  the  botde  I.  fig.  ift.  was  placed  an  ouocf 
and  a  half  of  the  nitrou;  acid,  before  empbyed* 
ant) 
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4Uid  three  drachms,  cwenty-feven  grains  of  lime, 
flaked  and  dried  (which  appears  to  be  the  pro- 
portion neceflary  to  fatur ate  that  quantity  of  acid) 
were  put  into  the  bafon  Q^  The  reft  was  dif- 
pofed  as  in  experiment  the  fecond. 

The  cortibination  was  formed,  as  in  the  pre- 
ceding experiment,  with  a  little  motion  of  efier- 
vefcence  ,or  cbvUition.  In  the  firft  inftant,  the 
water  defcended  fuddenly  three  or  four  inches  in 
the  receiver  N.  N.  O.  O.  but  in  a  few  feconds  \t 
recovered  its  level,  and  fettled  about  an  inch 
below  the  former  mark.  The  receiver  was  luke- 
warm, and  as  it  contained  a  conOderable  body  of 
air,  a  very  fenfible  dilatation  would  naturally 
refult,  accordingly  in  proportion  as  chat  air  re- 
turned to  the  fame  degree  of  heat  with  that  of 
the  laboratory,  the  water  remounted,  and  the 
feparated  air  was  found  reduced  to  a  cylindrical 
fpace  of  four  lines  in  height,  by  feventy  lines 
—  in  diameter,  i.  e.  of  nine  cubic  inches* 
Had  this  experiment  been  made  with  the  fame 
quantities  of  materials  as  in  experiment  the  fifth, 
there  is  no  doubt  but  a  quantity  of  elaftic  fluid, 
four  times  as  great,  would  have  been  feparated, 

i.  e» 
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L  e.  thirty-Cx  cubic  inches.  But  fuppofing,  as 
we  may  here  do  without  any  fenfible  error,  ihat 
chis  fluid  was  exaflly  equiponderant  with  air, 
thcfe  thirty-fix  inches  fliould,  in  the  lennperature 
of  ihe  laboratory,  weigh  i6|  grains.  The  total 
lofs  of  weight  in  experiment  the  fifth  was  but 
ihiriy-eighi  grains;  from  whence  it  follows,  that 
notwithfVanding  the  great  heat  undergone  during 
the  diflblution,  the  lofs  of  weight  caufed  by  the 
evaporation  was  only  twenty-one  grains  twa. 
thirds. 


General  conchifens  deducible  from  the  ftx  freed- 
ing  Experiments. 

IT  is  immediately  evident  from  the  third  ex- 
periment, I  ft.  That  the  quantity  of  one  ounce, 
five  drachms,  and  thirty-fix  grains  of  flaked 
lime,  employed  in  experiment  the  fifth,  and  nc- 
ccflary  to  faturaie  fix  ounces  of  nitrous  acid,  con- 
tained three  drachma  and  three  quarters  of  a 
'  grain  of  water.  2dly,  From  experiment  the 
.fixth  it  appears,  that  the  fame  quantity  of  fiakcd 
lime  contained  (ixtecn  grains  and  a  half  of  elaftic 
fluid.  It  contained  therefore  only,  in  reality,  one 
ounce. 


I 


ELASTIC  VAPOURS. 

ounce,  two  drachms,  eighteen  grairw,  and  three 
quancrs  of  alkaline  earth  i  buu  in  experiment 
ihc  firft,  two  ounces,  three  tirachms,  and  thirty- 
fix  grains  of  chalk,  were  ntcclTary  to  faiurate  an 
equal  quantity,  viz.  fix  ounces  of  the  nitrous 
acid  )  from  whence  it  fecms,  that  we  may  con- 
clude, that  (WO  ounces,  three  drachms,  and  thir- 
ty-fix grains  of  chalk,  in  like  manner,  do  not 
contain  more  than  one  ounce,  two  drachms, 
eighteen  grains  and  three  quarters  of  alkaline 
earth  ;  and  that  they  contain  befides,  three 
drachms  and  three  quarters  of  a  grain  of  water, 
and  fix  drachms,  fixicen  grains  and  a  half  of 
elaftic  fluid,  which  fix  drachms,  fixteen  grains 
and  a  half,  by  experiment  the  fifth,  arc  equiva- 
lent to  eight  hundred  cubic  inches.  From 
whence  it  follows,  that  a  cubicinchof  the  etaOic 
fluid  contained  in  chalk  weighs  -^-^  or  fome- 
thing  above  half  a  grain,  in  a  heat  of  fixteen  or 
feventeen  degrees  of  Reaumur's  thermometer. 
Whereas  a  cubic  inch  of  common  air,  in  the 
fame  temperament,  weighs,  according  to  Mr. 
De  Luc,  no  more  than  -^^  or  fomething  lefs 
than  half  a  grain.  This  difference  happens 
^  dthcr  bccaufc  the  elaftic  fluid  difchargcd  from 
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chalk  te  aAoally  a  lictk  heai^  than  atmofphe* 
tit  idri  dr  becaufe  it  is  charged  with  vapours  in 
hs  fepAr&tion  from  diechalls  i  or,  laftljr,  becaufe 
duklk  contaitis  more  water  than  flaked  lime. 

Jf,  as  we  have  jiift  (aid,  two  ounces,  three 
drachms  atid  thirty-fix  grains  of  chalk  are  really 
cbmpofed  of  one  ounces  two  drichms,  eighteen 
l^ns  and  three  quarters  of  alkaline  earth. — 
three  drachms  and  three  quarters  of  a  grain  of 
water,  and  fix  drachms,  fixteen  grains  and  a 
half  of  elaftic  fluid ;  it  mud  neceflarily  follow 
that  thcfe  diflfefent  fubftances  combined  >^ich 
each  other  in  the  fame  proportions,  fiiould  make 
a  calcareous  earth  or  chalk.  To  obtain  a  full 
proof  of  this,  the  following  experiment  was 
made* 


EXPERIMENT. 
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EXPERIMENT    VII. 

To  REPRODUCE  CALCAREOUS  EaRTH  OR  ChaLK, 
.    BY    RESTORING    TO   LiME    THE    WaT^R  AND 

Elastic  Fluid  of  which  it  has  beek  de- 
I^RivED  BY  Calcination. 

I  weighed  five  drachms  and  twenty-two 
grains  of  quick  lime.  We  may  recoiled  that 
this  quantity  is  precifely  adequate  to  one  ounce^ 
one  drachm  and  fifty-four  grains  of  cbalk»  The 
lime  was  thrown  into  eight  pints  of  diftilled  wa- 
ter. It  was  Tcry  foon  divided  by  the  water,  and 
in  part  di/Tolved ;  but  a  confiderable  portion  re* 
tnained  depofited  at  the  bottom  of  the  veiTel. 

I  TOOK,  on  the  other  hand,  a  glafs  bottle  A. 
fig.  4.  tubulated  at  £  ;  and  filled  it  up  to  B.C. 
fig.  5.  i.  e.  nearly  about  a  thirds  with  chalk  in 
grofs  powder.  I  then  fitted  the  fimnel  G.  to  it, 
which  was  luted  well  to  the  neck  of  the  bottle, 
to  that  there  to\Ad  be  no  communicauon  of  ^ 

by 
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by  ihejun£lurei  and  fixed  to  [he  end  of  a  fmalt" 
rod  O.  P.  a  cork  P.  of  fuch  a  fize  as  exadly  to 
(lop  the  neck  of  the  funnel  G.  I  luted  to  the 
orifice  E,  a  glafs  fyphon  E.  H.  I.  and  brought 
its  extremity  I.  to  the  bottom  of  a  delph  bucket 
K. L.M.N,  which  contained  the  lime  water. 
Laftly,  I  filled  the  funnel  G.  with  dilute  vitriolic 
acid,  and  lifted  up,  from  time  to  time,  the  corlcf 
P.  that  fome  portion  of  the  acid  might  be  im 
traduced  into  the  bottle  A. 

The  air  which  was  detached  in  the  efiirrvei 
ccnce,  occalioriL'd  by  the  diflblution  of  the  chalk  ' 
in  the  vitriolic  acid,  palled   through  the  fyphon 
E.  H.  I.  and  bubbled  in  the  lime-water  contained 

I  in  the  vefTcl  K.  L.  M.  N.  At  the  fame  time  the 
lime-water  became  turbid,  and  having  continued 
fo  for  a  confidcrable  time,  I  proceeded  fo  far  as 
to  preclpitite  all  the  lime,  and  to  render  the 
water  which  floated  above  it  abfolutcly  fweer. 
I  then  decanted  the  liquor;  the  earth  which  re- 
mained at  the  bottom  was  dried  in  a  heat  equal 

I  to  that  in  which  quickfilver  boils ;  after  which 

'h  was  found  lo  weigh  one  ounce,  one  drachm 

antl  thirty-Hx  grains.     Its  weight,  according  to 

the 


I 
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the  forfgoing  refults,  fliould  have  been  otwj 
ounce,  one  drachm  and  fifty-four  grains.  Thiw 
dIfFercnce  of  eighteen  grains,  which  cannot  baj 
deemed  very  confideraMe,  happened  either  fronvj 
the  inevitable  lofs  which  muft  attend  almoft  cver^ 
experiment,  were  it  only  from  11  fmall  quanutyj 
of  the  earth  remaining  attached  to  the  veflcls ;  ofT 
perhaps  the  lime  in  this  experiment  was  not  fin 
perfcdly  faturated  with  the  elaftic  vapour  as  ]d^ 
might  have  been. 

This  calcareous  earth  moreover  diflbred  in  nf^ 
rcfpeS  from  chalk.  It  yielded,  by  difTolving  it 
in  the  nitrous  acid,  a  quantity  of  elailic  fluid 
nearly  equaj  to  what  chalk  affords-,  the  lofs  of 
weight  which  it  fuSeped  in  the  procefs  wa<  alfo 
the  fame  i  it  no  longer  Separated  the  volatile  al- 
kali of  fal  ammoniac  in  the  cold  :  in  a  word,  ic 
was  not  in  any  refpcA  diftinguiftiable  from  coiiu 
tnon  powdered  chalk. 


EXPE- 
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EXPERIMENT    Vm. 

To  DETERMINE  THE  SpBCinC  GrAVITY  OE- 
L)M£>WaTER  before  and  AfTIR  PRECI- 
PITATION. 


Into  fomc  diltUled  water  which  was  of  a  tem- 
perature of  fevenicen  degrees  of  Reauraor's  ther- 
mometer, I  plunged  a  filvcr  warer-gagc  re- 
prelenicd  Bgure  6ch.  This  inflrument  is  con- 
flru£ted  on  the  fame  principles  as  that  defcribed 
by  Farcnheit  in  the  Philofophical  Tianfadionsi 
viz.  the  ihaft  D.  E.  inftead  of  being  graduated 
in  the  fame  manner  as  Boyle's  areometer,  had 
only  3  fmall^  mark  engraved  at  £.  nearly  about 
,  the  middle.  This  fliaft  is  but  three  inches  long  i 
at  the  top  is  a  balbn  proper  to  receive  the  weights; 
the  inRrument  i;  to  be  loaded  fo  as  to  Onk  it  ia 
the  fluid  to  the  mark  E,  by  which  t'-.c  fpeclBc 
gravity  may  be  determined.  The  waterpoife  is 
ballafted  at  its  lower  end,  viz.  at  B.C.  with  tin. 
Its  weight  is  nine  ounces  and  fixty-four  grains. 
That  it  might  fuik  to  the  mark  E.  ia  diflilled 
water. 
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water,  at  the  temperature  of  feventeen  degrees 
of  Reaumur's  thermometer,  I  was  obliged  to  load 
it  with  twenty  grains  and  a  half.  Hetlte  it  fol- 
lows that  it  difplaces  a  volume  of  diftilled  water 
of  nine  ounces,  one  drachm,  twelve  grains  arid 
ahalf. 

Having  withdrawn  the  water-gage  fromthe 
diftilled  water,  I  threw  in  a  good  deal  moje  lime 
than  it  could  diflblve ;  it  was  then  filtered,  and 
as  foon  as  it  was  found  to  be  of  the  temperature 
mentioned  in  the  laft  experiment^  I  plunged  the 
water-gage  into  it ;  but  it  could  not  be  made  to 
fink  to  the  fame  mark  without  loading  it  with 
thirty-two  grains.  Therefore  the  weight  of  the 
VQlume  of  lime-water  difplaced  by  the  waterpoife 
was  nine  ounces,  one  drachm  and  twenty-four 
grains  i  which  fettles  the  relative  fpecific  gravity 
of  diftilled  water  to  lime-water  to  be  as  jooooqo 
Jto  1002135. 


9.2  EXPE- 


M4    OF  THE  ELASTIC  FLUID  I 


EXPERIMENT    IX. 


70    DETBRMIKE     THE    SPECIFIC    GrAVITV 

Lime-Water    into    which   the  Elastic 
Fluid  discharged  bv  Effervescence 
been  suffered  to  pass. 


iTIC  I 

HAsi 


Elastic  air  detached  by  ihe  cffbrvefcence  of 
chalk  and  fpirlt  of  vitriol  was  made  to  bubble, 
as  in  experiment  VI.  into  faturatcd  lime-wa- 
ter i  as  foon  as  the  precipitation  was  com- 
pletely finiflied,  the  liquor  was  Tutored  to  ftand 
ftill,  after  which  it  was  decanted,  and  the  water- 
gage  was  caft  into  it.  The  weight  of  the  fluid 
difplaced  was  found  to  be  nine  ounces,  one 
drachm,  twelve  grains  and  three  quarters,  or 
fenfibly  the  fame  as  that  of  diftilled  wateri 
hence  it  is  apparent  that  the  elaflic  fluid  had 
precipitated  all  the  lime,  and  rendered  it  info- 
luble  in  water. 
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EXPERIMENT    X. 

To      IMPREGNATE      WatER,     OR     ANY    OTHEfc 

Fluid,  with  Fixed  Air  or  Elastic  Fluid. 

Figure  yth.  reprefenu  the  apparatus  bjr 
which  I  performed  all  experiments  of  this  Tort ; 
it  does  not  differ  from  that  of  6gurc  5th,  ex- 
cepting that  I  have  fubftiiuted  the  bottle  I.  tu- 
balated  at  R.  inflead  of  the  bucket  K.  L.  M.N. 
Some  chalk  grofsly  powdered  was  placed  in  the 
bottle  A.  as  in  the  frvcnth  experiment,  and  the 
vitriolic  acid  was  added  gradually  through  the 
funnel  G.  * 

Im  proportion  as  the  eladic  fluid  was  difcharged 

by  the  cffervefccnce,  it  was  obliged  to  enter  the 

fyphon 


•  Dt.  NooTH  hw  communicated  to  the  Royal  Soeitiy. 
s  dcTcriplion  of  a  very  convenient  apparatus  for  unpreg- 
aUiiig  watrr  with  iixcd  air,  and  of  the  manner  of  con- 
dnfting  that  proccft.  Vide  Philolopliical  TranfafUoos, 
V«l.  LXV.  Fan  1.  page  $9. 

R3 
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fyphon  E.  H.  I.  to  pafs  into  the  bottle  I.  And 
to  bubble  ihroiigb  the  diftiUo): water  or  other 
liquor  confined  in  it. .  It  is  neceflarjr  that  all  the 
junftures  of  the  veflels  be  exaftly  luted  in  this 
dKjjiririieiic.  Tfe  orifice  R.  'muff  dfi>  be  ftopped^ 
wiUi  a  good  oorfc.  Bjr  this  nfteans  we  keep  aki 
atmofphere  d£  elaftic  fluid,  much  more  condenfed 
tfaap  atmdQsliertc'*air»  ia  cheiboftk  I.  .aod  the 
liqvac  aUbrba  k  oiore  leadOy^  and*  in  greater 
abmidkoot  thap  if  it  .«a«  oQi  coB^M^  bir 
ncceflary  to  uiillop  the  tube  Hi  now  and  then^ 
for  fear  the  veflels  Ihould  break,  or  that  the  va- 
pours being  too  much  condenfed  (hould  efcape 
by.  the.  junftures;  therp  is  always,  befides,  a 
large  quantity  of  elaftic  fluid  feparated  in  the 
effervefcence,  which  is  not  capable  of  being  cpm* 
bined  with  water,  and  which  it  is  neceflary  to  let 
6Ut  Ojccaflonally, 


EXPE. 


««7 


EXPERIMENT    XI. 


I 


To  COMPARE  THE  SPECIFIC  GravITV  OF  Wa- 
TER  IMPREGKATED  WITH  ELASTIC  FluID 
WITH  THAT  OF  DISTltLED  WaTER. 

Some  dillilled  water  was  faturated  with  ehdic 
fluid  by  the  method  dcfcribed  in  the  lad  experi- 
ment. The  water  had,  very  fenfibly,  an  acidu- 
lous (afte,  and  more  confiderably  fo,  in  my  opi- 
niot),  than  when  prepared  by  Dr.  Prieftley't 
pmcefs. 

Having  plunged  in  the  waicr-gagc,  repre- 
fented  in  figure  6ih.  the  fluid  difpUced  was 
found  to  weigh  nine  ounces,  one  drachm  and 
thirteen  grains  in  a  (empcrature  of  19^  dc- 
grtles.  An  equal  bulk  of  diftiUed  water  of 
the  fame  temperature  weighed  only  nine  ounces, 
one  drachm,  eleven  grains  and  a  quarter.  The 
difference  is  one  grain  and  ihrcc  quarters.  So 
that  the  fpccific  gravity  of  water  impregnated 
with  fixed  air  ts  to  that  of  diCtilled  water  ai 
1000332  to  lOOOOOO. 
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The  fame  water,  having  been  agitaied  by" 
pouring  It  five  or  fix  times  from  one  veflcl  lo 
another,  loft  its  acidulous  laftc}  proceeding  then 
to  prove  the  weight  of  the  water  in  this  ftitCi 
the  bulk  difplaced  was  only  nine  ounces,  one 
drachm,  d«ven  grains  and  one  ihirdi  viz.  nearly  d 
the  fame  as  that  of  diftilled  water. 

It  is  probable,  (hat  if  the  experiment  were 
repealed  in  cold  weather,  one  might  charge  the 
water  with  a  much  larger  quantity  of  elallic 
fluid )  but  I  fhall  poftpone  this  experiment  for  s 
future  occadon. 


EXPERIMENT    XH. 

To   PRECIPITATE    LlME-WATe»,     BV    AODINd 

Water  impregnated  with  Elastic  Fluid. 

A  fyjANTirv   of  the  fame  lime-water,   ih«  I 

fpecific  gravity  of  which  was  determined  in  ex* 

pcriment  VIII.  was  placed  in  a  receiver,  ood 

mixed  gradually  with  fome  water  which  bad 

been 


been  impregnated  with  elaftic  fluid.  The  lime- 
water  became  inftantly  turbid,  and  the  earth 
precipitated  to  the  bottom  of  the  veHel :  more 
of  the  water  impregnated  with  elaftic  fluid  was 
added,  till  I  was  aflured  that  the  precipitation 
was  completed.  The  liquor  was  then  fufTered 
to  Hand  awhile,  snd  as  Toon  as  it  was  pcrfe&\y 
clear,  the  waler-gagc  was  thrown  in  j  the  fpecific 
gravity  was  found  to  be  nearly  the  fame  as  that 
of  diftilled  water.  The  differeoce  was  only  about 
0,000095  J  and  even  this  fmall  variation  might 
proceed,  from  my  not  having  employed  prc- 
cifely  the  proportions  of  lime-water,  and  water 
impregnated  with  elaftic  fluid,  neceOary  to  make 
the  precipitation  pcrfc£^.  We  may  eafily,  in 
fad,  conclude,  from  comp.iring  this  experiment 
with  the  following,  tliat  on  exceeding  ever  fo 
little  in  the  quantity  of  either  kind  of  water, 
there  will  remain  alike,  in  each  cafe,  a  portion  of 
earth  united  with  the  water.  The  earth  precipi- 
tated in  this  experiment  was  no  longer  in  a  Itatc 
of  quick  lime,  it  effervefced  with  acidf,  end  did 
□0(  feparate  the  volatile  alkali  from  fal  ammoniac 
without  the  aid  of  heat.  It  was  become  a  true 
chalk. 

EXPE- 
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EXPERIMENT    XUI. 


to  reoissolve  the  lime  after  it  has  beb^ 
precipitated,   by   a   fresh  addition   ( 
Water  impregnated  with  Fixed  Air. 


THE  precipitation  of  lime  wattr,  by  mixing 
with  it  water  impr^nated  with  Bxcd  air,  affords 
a  fingular  phenomenon  •,  for  if,  after  having  pre- 
cipitated all  the  iime,  as  in  the  la(t  experiment, 
one  continue  to  add  (till  more  of  the  water  im- 
pregnated with  fixed  air,  all  the  cilcareous  earth 
which  had  been  precipitated  will  be  redifTolvet 
•nd  the  liquor  become  perfeftlf  iraaTparcnt. 

I  SHALL  examine,  in  a  particular  chapter,  riw 
cfTcfts  of  water  thus  charged  with  a  foluiion  of 
calcareous  earth  combined  with  elaflic  Buid. 

CeHfluJten  ef  ibis  Chapter. 

}N  reviewing  the  different  ezperitnents  of- 
which  I  have  given  an  account  in  the  pre 

chap 
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<;htpter,  we  cannot  refufe  our  aflent  to  the  foU 
Ufunttg  coqfequences. 

■ 

FiKST,  That  there  exifts  in  calcareous  ftones 
and  earths  an  elaftic  fluid,  a  fpecies  of  air  under 
a  fixed  form,  and  that  this  air,  when  it  has  re-* 
covered  its  elafticity,  poflelles  the  principal  phy- 
(ical  properties  of  air. 

Secondly,  That  a  hundred  pounds  weight  of 
chalk,  according  to  the  above  proportions,  con«- 
tatns  about  thirty-one  pounds,  fifteen  ounces  of 
this  elaftic  fiuid ;  fifteen  pounds,  feven  ounces 
of  water;  and  only  fifty- two  pounds,  ten  ounccs> 
of  alkaline  earth. 

Thirdly,  That  it  is  even  poflible,  that  tha 
chalk  may  contain  ftill  lefs  alkaline  earth,  and 
more  elaftic  fluic^  but  that  hitherto  we  ^rc  not 
acquainted  with  any  method  of  depriving  it  of 
more,  or  of  carrying  its  analyfis  farther. 

Fourthly,  That  alkaline  earth  may  exift  in 
three  different  iiates  :  firft,  faturated  with  water 
gnd  elaftic  fluid,  as  in  chalk :  fecondly,  depriy^ 

ed 
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cd  of  its  cUflic  fimd,  but  fiturated  wiih  water, 
as  in  flaked  lime:  and,  thirdly,  deprived  both 
of  its  eUftic  fluid  and  water  as  in  quick-lime. 

FiFTHLv,  That  quick  lime,  or  alkaline  earth, 
deprived  both  of  its  water  and  elaftic  iiuid,  con- 
tains a  great  quantity  of  the  matter  of  pure  Bre, 
which  it  has  probably  acquired  during  its  calci- 
nation, and  that  to  this  matter  is  owing  the  great 
heat  which  is  obfervable  duiing  the  exthi£Hon4 
lime,  and  its  diflblution  tn  acids. 

Sixthly,  That  it  is  not  fuflicient  to  faturati; 
quick  lime  with  water,  in  order  to  deprive  it  of 
the  fupcrabundant  quantity  of  igneous  particles  ( 
but  that  they  remain  afwr  this  operation-,  fmce 
flaked  lime  communicates  a  confiderable  degree 
of  heat  to  the  nitrous  acid,  in  which  it  is  dif- 
folved  ■,  a  phenomenon  which  is  not  produced  by 
calcareous  earth  or  chalk. 

Sevehthlv,  That  it  is  by  no  means  thisf 

pcrabundant  igneous  matter  which  reduces  the 

alkaline  earth  into  the  ftate  of  lime,  lince  Aaked 

lime,  when  deprived  1^  the  flaking  f^  a  gieac 

part 


I 
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pan  of  this  fire,  is,  notwithftanding,  no  Icfs  fo- 
luble  in  water,  ftill  continues  to  decompofe  fal 
ammoniac  without  the  afliftance  of  heat,  and 
does  not  communicate  a  Ids  degree  of  caufticity, 
to  cither  the  fixed  or  vokiile  alkalis.  In  a  word, 
it  is  no  Icis  lime  than  before  it  has  been  flaked. 

Lastly,  That  ic  is  fufficient  that  we  reftore 
to  lime,  by  any  means  whaifoever,  the  elafllc 
fluid  of  which  it  has  been  deprived,  to  render  it 
mild,  infoluble  in  water,  and  capable  of  cfFer- 
vefcing  widi  acids;  in  fhort,  to  re-eftablifli  it  in 
the  ftate  of  calcareous  earth  or  chalk  *. 

CHAP- 


'  I  HAVE  only  f^lctn,  in  (hit  cfaapcer,  of  one  fpecici 
of  csJurtODi  earth,  ihat  I  might  not  throw  any  coofufion 
on  (he  cxpcruncoti,  aod  lofc  fight  of  the  principal  objcft. 
All  the  pure  calurcous  earths,  which  1  have  bad  an  up- 
pottunit)'  of  examining,  ptcfent  the  iame  phenomena  u 
chalk.  They  are  all  compofcd  of  an  alkaline  earth  and 
water  combiqed  with  eUflic  fluid  ia  a  £kc(!  fiatc ;  but  they, 
almoft  all,  diSki  la  tb«  proportion*  ia  wiuch  tliefe  three 
fttbAaoCM  enter  into  their  compolitioa. 

Sowi;  nperimenu  even  Isad  me  to  belJcre,  that  ii  U 

partly  Iro*  ihs  diAereocc  of  Uiefe  proportioiu,  that  the 

rpan 
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CHAPTER    IL 

Or  THi  EXISTENCE  op  aw  ELASTIC 
FIXABLE  FLUID  m  thk  FIXED  an^ 
VOLATILE    ALKALIS,    and   of    the 

MEANS  BY  WHICH  THEy  MAY  BE  DEPRIVED 
OF  IT. 

AFTER  having  proved  the  cxiftencc  of 
the  elaftic  fluid,  under  a  fixed  form,  in 
calcareous  earths  ^  that  the  fluid  conftitutes  a 

confi* 

fpars  poflefs  their  diveriity  of  Bgare.  I  have  found,  for 
in^nccy  that  the  fpecies,  deferibed  by  Valeriui,  by  the^ 
Xizmto£  Sfatbum  pelhcidtrnflave/censt  contained  lefs  alka- 
line earthy  and  more  fixed  tir,  than  an  equal  quantity  of 
chalk.  The  piece  which  I  made*  my  experiments  upon, 
was  uken  from  the  lime-ftone  quarries  between  Chaumont 
en  Baffigny  and  Vignory.  Two  ounces,  iix  drachms, 
thirty-three  grains  of  it,  were  neceflary  to  fatarate  ix 
ounces  of  thi  above  lairioivfd  nitrout  acid  $ .  whereat^  twp 

ounces^ 
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confidcrable  part  of  their  weight  (  and  that  the 
caufticity  of  lime  is  principally  owing  to  the 
abience  of  it ;  it  remains  for  me  to  trace  the 
combination  of  this  fluid  with  different  fubftances 
in  nature,  and  particu](irly  with  alkaline  fub- 
Hances  and  with  metals. 

The  fixed  vegetable  alkali,  which  is  produced 
hy  the  burning  of  vegetables,  arid  commonly 
known  by  the  name  of  fait  of  tartar,  appeared 

to 


ounces,  tEree  drBtkmSf  diirty-fhc  grains  of  chalk,  vrere 
fafficknt  for  the  fame  purpofe.  On  the-  other  fid^»  the 
lofs  of  weighty  after  the  combination,  inRead  pf  being  ex- 
idly  an  ounce,,  as  in  chalk,  was  an  ounce  and  two  drachms. 
The  folution  of  this  fpar  had  a  greeniih  call,  and  there  re* 
mained  a  fmall  white  fediment,  infoluhle  in.  acids. 

A  SPAR  from  St.  Marie-aux  mines,  in  white  cryflalline 
gn>apetr  of  the  Drafea  fpeeies,  which  has  much  affinity  to 
that  reprefented  in  &g.  7.  of  Valerius's  Mineralogy,  afford- 
ed nearly  the  fame  refults  as  chalk.  The  quantity  necef- 
iary  to  faturare  fix  ounces  of  nitrous  acid  was  two  ounces 
three  drachms ;  and  the  lofs  of  wei^t,  in  the  combina- 
tion, one  ounce  and  three  grainy.  This  (par  depofited  a 
yellow  fedimem,  which  would  not  diflblve  in  acids^  I  in- 
tend ibmcti^e  to  purfue  thcfe  experitacnts  farther. 
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to  me  not  well  adapted  to  be  employed  m  thf 
experiments  of  which  I  am  going  to  give  an  acr 
count.  t(t,  Becaufe  it  is  difficult  to  bring  it  aU 
ways  toonefixedand  determinate  point  of  dryneif, 
and  the  greater  or  lefs  cjuantity  of  wat«r  which 
It  retains,  may  occafion  very  confiderablc  errors, 
2dly,  That  having  a  very  (Irong  propenfity  to 
attraA  the  moiAure  from  the  air,  it  changes  its 
weighi  almoft  every  moment.  The  cryftals  of 
foda,  or  mineral  alkali  pure6ed,  cryftallized, 
end  dried  on  brown  paper,  appeared  preferable-, 
provided  that  care  were  taken  to  keep  them  al- 
ways in  bottles,  well  (topped,  to  prevent  their 
cfiTcrvdccnce.  I  therefore  made  ufc  of  [hi&  alka- 
li in  the  following  experiments  i 


EXPERIMENT 


The  Solution  of  Crvstals  of  Soda  in  th 
NiTROvs  Acid. 


INTO  a  long  narrov/  necked  matrafs  were 

put  fix  ounces  of  ihe  lame  nitrous  acid  as  that 

ufed  in  the  firll  experiment.  Chap.  I.    A  given 

Wright 
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weight  of  the  cryftals  of  foda  was  alfo  difTolved 
in  a  given  quantity  of  diftilled  water,  fix  ounces 
of  nitrous  acid  were  gradually  faturated  with 
this  alkaline  liquor,  and  to  arrive  at  that  point, 
it  was  neceflary  to  employ  ten  ounces,  fix 
drachms,  fixty-three  grains  of  water,  znd  fix 
ounces,  two  drachms,  fifteen  grains  ^  of  the  mi- 
neral alkali  -,  Q\\l  the  acid  was  rather  predomi- 
banc  The  total  of  the  ingredients,  employed  in 
the  combination,  weighed  twenty-three  oun^ces, 
one  drachm,  fix  grains  7. 

The  effervefcence  was  brifk,  but  unattended 
by  heat ;  after  which  the  fame  ingfedients  weigh- 
ed no  more  than  twenty- two  ounces,  fixty-two 
grains  :J:.  The  lofs  of  weight,  therefore.  Was 
one  ounce,  16^  grains. 


EXPE- 
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EXPERIMENT    IL 


to  measure  the  quantitv  of  elastic 
Fluid,  separated  from  Soda  during 
ITS  Dissolution  in  the  Nitrous  Acid. 


I  MADE  ufc,  in  this  experiment,  of  a  fixth 
part  of  the  quantities  employed  in  the  preceding 
one.  I,  therefore,  placed,  in  the  phial  I.  fig. 
id,  one  ounce  of  nitrous  acid,  and  in  the  bafon 
Q^one  ounce,  twenty-fix  grains  J-  of  cryftals  of 
foda,  dilTolvcd  in  two  ounces  of  water.  The 
whole  was  covered  with  the  large  Receiver 
N.  N.  O.  O.  and  the  water  being  raifed  to  a 
fuitable  height,  and  its  furface  covered  wich  oiC 
the  fwing  was  fet  in  motion. 

The  effervefccncc  was  briflc,  and  the  quantity 
of  elaftic  fluid  feparated  was  135  cubic  inches. 
If  then  equal  quantities  had  been  ufed  in  this,  aa 
in  the  preceding  experiment,  there  would  have 
been  a  reparation  of  810  cubic  inches  of  elaCli 
flit  i  J. 

Ta 
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^M  The  barometer,  during  this  experiment,  was 
^f  at  twenty-eight  iaches  one  line  4,  and  Mr.  Reau- 
mur's fpirits  of  wine  thermometer  at  fifteen  dc- 
grecsi  1  from  whence  it  may  be  concluded,  after 
the  rules  cftabliflicd  by  Mr.  de  Luc,  that  the  at- 
mofphcric  air  weighed,  at  that  inftanc,  about 
—  of  a  srain  to  the  cubic  inch.  If,  therefore, 
the  claftic  fluid  which  was  difengagcd  had  been 
only  pure  air,  its  weight  would  have  been  no 
more  than  five  drachms,  twelve  grains  i,  but  the 
lof»  of  weight  was  found  to  be  one  ounce,  Gx- 
xeengrains^i  from  whence  an  exccfs  reftilts  of 
three  drachms,  three  grains^.  This  difterence 
happens,  as  has  been  before  obferved,  with  re- 
fpc£llo  chalk,  either  becaulcthe  fluid,  dlfcharg- 
ed  by  the  effervefcence,  is  heavier  than  atmol- 

Ipheric  air,  or  becaufe  it  carries  up  with  it,fomc 
watery  vapours. 

From  this  experiment  it  is  evident,  ift,  That 
more  mineral  alkali,  dian  chalk,  is  requifice  to 
faturaic  a  given  quantity  of  nitrous  acid  i  which 
Ihews,  that  the  laU  retains  much  water  in  its 
cryftallizaiion  and  compofition.  adly.  That  i^ 
on  one  fide,  the  Ibda,  in  equal  weights,  contain* 
$  Z  a  much 
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a  much  lefs  quantity  of  claftic  fluid  than  chalk ; 
on  the  other  hand,  it  contains  a  quantity  in 
fufficiently  exaft  proportion  to  its  quantity  of  al- 
kaline matter;  for  we  may  recoUcft,  that  in  fa- 
turating  fix  ounces  of  nitrous  acid  with  chalk, 
800  cubic  inches  of  elaOic  fluid  were  obtained, 
and  the  fqiaration  of  the  fame  fluid  from  foi 
amounted  to  8 10  -,  but  thofe  two  quantidcs 
be  regarded  as  not  fenlibly  different. 


% 


We  might,  perhaps,  from  hence,  foppofe  thai 
fix  ounces,  two  drachms  and  15  grains  -^  of  foda; 
contains  an  equal  weight  of  alkaline  matter  to 
that  contained  in  two  ounces,  three  drachms  and 
thirty- fix  grains  of  chalk,  and  might  make  a  to- 
lerably probable  calculation  of  the  proportion  of 
water,  of  elaftic  fluid  and  alkaline  fublVance 
which  ilie  foda  contains;  but  I  acknowledge,  at 
the  fame  time,  that  a  greater  number  of  experi- 
ments are  neceflary  to  give  a  certain  degree  of  c- 
vidence  to  this  calculation.  According  to  this 
moilc  of  reckoning  it  would  follow,  that  (ix 
ounces,  two  drachms  and  flfteen  grains  4-  of  fodl 
contain  only  one  ounce,  two  drachms  and  eigh- 
teen gnini  i  of  alk^e  maner,  one  ounce  of 
elafUc 
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elaftic  fluids  and  three  ounces,  feveix  drachms 
and  fixty-nine  grains  of  water ;  at  lead  this  cal- 
culation cannot  be  far  from  the  truth.  When 
thefe  quantities  are  brought  to  the  hundred,  the 
refult  will  then  be  that  one  hundred  weight  of 
foda  contains  (ixty  three  pounds  ten  ounces  of 
water,  fifteen  pounds  fl^n  ounces  of  elaftic  flu* 
id,  and  twenty  pounds  feven  ounces  of  alkaline 
matter. 


EXPERIMENT    III. 

The  Diminution  op  Specific  Gravity,  in  a 
Solution  of  the  Crystals  of  Soda,  by' 
THE  Addition  of  Lime. 

TWO  ounces  of  cryftals  of  foda  were  diOblved 
in  fourteen  ounces  of  diftilled  water.  The  filver 
hydrometer,  reprefented  in  fig.  6.  which  dif- 
places,  as  we  have  before  feen,  nine  ounces,  one 
drachm,  twelve  ^  grains  of  diftilled  water,  in  a 
temperature  of  fcvcntecn  degrees  of  Reaumur's 
thermometer,  was  then  immerfed  into  the  folu- 
tion  ;  the  weight  of  an  equal  bulk  of  the  folution 

S3  s  ^f 


t€t      OF  THE  ELASTIC  FLUID  IN 

of  foda,  was  found  to  be  nine  ounces,  four 
drachms,  fifty-fix  i  grains,  which  gives  ibe  pro- 
portion between  the  fpecific  gravity  of  diftillcd 
water,  and  that  of  the  folution  of  foda,  as 
loooooo  is  to  1049350. 

To  this  fbtution  was  added,  one  ounce  of  lime 
flaked  and  dried  (Exp.  III.  chap.  I.)  viz.  an  al- 
kaline earth  faturated  with  water,  but  deprived 
of  its  elaftic  fluid  ;  I  fliook  the  liquor,    for  fomc 
moments,  to  give  the  lime  time  10  aft  upon  the 
foda,  after  which  I  left  it  to  fettle.     In  a  (hort 
I  .lime  the  lime  gained  the  bottom  of  tlic  vcflcl,  and 
■  formed  there  a  body ;   while  the  liquor  which 
fwam  above  it  appeared  clear  and  tranfparent. 
The  hydrometer  was    caft  in  1    but   the    fluid, 
>vhich  was  now  difpUccd,  infliead  of  weighing,  as 
\  before,    nine  ounces,    four  drachms,    fifty-fix  ^ 
J,  grains,  only  weighed  nine  ounces,  four  drachms, 
fjforiyvgrainsi    which  fixes  the'.relative  fpecific 
[.gravity  of  the  folution  to  that  of  diftilled  water, 
as  joooooo  to  1046313. 


Another  ounce  of  lime  was  then  added  po 

the  fainc  folution ;  it  was  fhaken  up  as  before, 

and 
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and  1^  to  fettle;  the  weight  of  the  liquor,  dif- 
placed  by  the  hydrometer,  was  found  to  be  no 
nK>re  than  nine  ounces,  four  drachms,  twenty- 
one  grains,  viz.  in  the  proportion  of  i  oooooo  to 
1042612. 

I  STILL  added  a  third  ounce  of  lime ;  it  pre- 
cipiuted  more  flowly,  and  did  not  collefl:  inco  a 
body,  as  in  the  preceding  experiments ;  the  fo- 
lution,  however,  was  yet  fenfibly  diminifhed  in 
its  fpecific  gravity;  the  bulk  difplaced  by  the 
hydrometer,  did  not  now  exceed,  in  weight,  nine 
ounces,  four  drachms,  fourteen  grains,  and  the 
proportionate  fpecific  gravity  between  it  arid 
diftilled* water  was  as  i  oooooo  to  104 109 3. 

On  each  addition  of  lime,  the  alkaline  folution 
efiervcfced  lefs  with  acids;  in  fliort,  after  the 
third,  it  did  not  cfFcrvefce  at  all ;  the  only  ap- 
pearance that  could  be  obfervcd,  by  attending 
very  clofely,  was  fome  very  fmall  bubbles  which 
rofc  on  the  furface  of  the  liquor,  or  were  attach* 
ed  to  the  fides  of  the  veflcls  in  which  the  prcci- 
piftition  was  made.  Whatever  quantity  of  lime 
was   added  afterwards,    no  further  diminution 

S  4  could 
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could  be  made  in  the  fpecific  gravity  of  the  falu- 
tlon,  nor  could  it  be  brought  to  the  ftate  of  not 
difcharging  any  more  fmall  bubbles  on  mix- 
ing it  with  acids. 

This  experiment  affords  us  the  proportion  of  ^ 

L^ked  lime,    requifite  to  reduce  the  Ma  to  a 

Peauftic  (Vate:  it  appears  (o  be  three  parts  of  lime 

'  to  two  of  the  cryftaliizcd  foda.     Thi^  quantity 

of  lime  is,    indeed,  more  than  is  indilpenfably 

peceflary ;  but  it  feems  better,  when  we  wifti  to 

obtain  a  lixivium  in  the  higheli  degree  of  caufli< 

city,  to  employ  too  much  than  too  little.     If 

quick  lime  be  ufed  inftead  of  Haked  lime,  equal 

parts  will  be  fufficient.     We  have  feen,  in  fidt, 

by  Experiment  III,  Chap.  I.  that  (laked  lime 

conuins  fomething  more  that  {~  of  its  weight  of 

vater. 


However  favourable  this  experiment  m^j 
jppear  ro  Dr.  Black's  fyflctn,  it  might,  never- 
flbelcfs,  be  explained  alfo  on  thai  of  Mr.  Meyer. 
'The  partizans  of  the  laft  might  fay,   that  the  di- 
minution of  fpecific  gravity,  obfcrved  in  the  al- 
kaline fuluiion,  in  proportion  as  the  lime  was 
added,  J 
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aiid  Idt  to  fettle;  the  weight  of  the  liquor,  dif- 
placed  by  the  hydrometer,  was  found  to  be  rtd 
more  than  nine  ounces,  four  drachms,  twenty^^ 
one  grains,  viz.  in  the  proportion  of  1 000000  to 
1042612. 

I  STILL  added  a  third  ounce  of  lime ;  it  pre* 
cipiuted  more  flowly,  and  did  not  collefl:  into  a 
body,  as  in  the  preceding  experiments ;  the  fo- 
lution,  however,  was  yet  fcnfibly  diminiftied  in 
its  fpecific  gravity;  the  bulk  difplaccd  by  the 
hydrometer,  did  not  now  exceed,  in  weight,  nine 
ounces,  four  drachms,  fourteen  grains,  and  the 
proportionate  fpecific  gravity  between  it  and 
diftilled*water  was  as  1000000  to  1041093. 

On  each  addition  of  lime,  the  alkaline  foludon 
efierveiced  lefs  with  acids;  in  (hort,  after  the 
third,  it  did  not  eflfervefce  at  all ;  the  only  ap- 
pearance  that  could  be  obferved,  by  attending 
very  clofely,  was  fome  very  fmall  bubbles  which 
rofe  on  the  furface  of  the  liquor,  or  were  attach^ 
ed  to  the  fides  of  the  vcflcls  in  which  the  preci- 
piftition  was  made.  Whatever  quantity  of  lime 
was   added  afterwards,    no  further  diminution 

S  4  could 
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EXPERIMENT    IV. 
The  Augmentation  in  Weight  of  Lime 

WHICH  HAS  PASSED  THROUGH  AN  AlKALINE 
SOIOTION. 

UOUR  ounces  of  cryftals  of  foda  were  diflblv- 
ed  in  fourteen  ounces  of  diftilled  water;  to 
which  were  added  two  ounces  of  flaked  and 
dried  lime,  and  the  liquor  was  agitated  for  fome 
moments  i  when  all  the  lime  was  depofited,  I 
decanted  the  liquor ;  the  earth  which  remained 
at  the  bottom  was  wafhed  with  feveral  waters, 
and  then  dried  in  a  degree  of  heat  in  which  mer- 
cury boils;  when  afterwards  weighed,  it 
ibund  to  be  three  ounces  fix  grains. 


It  is  evident  from  this  experiment,  that  flak- 
ed lime  attrafls  from  the  alkaline  folurioti,  fome 
fub(tancc  which  it  takes  poflVflion  of,  and  which 
incrcafes  its  weight  about  -J-.  This  fubftancc 
cannot  be  water,  ift,  becaufe  the  lime  was  al- 
ready 
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ready  faturated  with  it.  2dly,  That  in  attradt- 
ing  the  water  from  the  alkaline  folution,  it  would 
concentrate  the  latter,  fo  that  the  fpecific  gravi- 
ty of  the  folution  (hould  be  augmented,  inftead 
of  being  diminilhed,  as  we  have  feen  in  the  pre- 
ceding experiment.  The  following  experiments 
will  inform  us  what  that  matter  is  which  lime  at« 
crafts  from  the  folucion  of  foda. 


JEXPERIMENT  V. 


To  MAKE    WHATEVER  PoRTION    IS    DESIRED  OP 
THE  ELASTIC  FlUID  OF   SoDA,    TO   PASS  INTO 

Lime,  and  afterwards  to  demonstrate 
IT  in  the  Lime. 

I  DISSOLVED  one  ounce  26|-  grains  of  foda  in 
cryftals,  in  two  ounces  of  diftilled  water,  which 
according  to  Experiment  II,  ought  to. contain 
one  hundred  arid  thirty  five  inches  of  elaftic  fluid  -, 
I  added  to  thi«  folution  two  drachms  of  flaked 
lime,  which,  by  Experiment  V.  chapter  I.  fliould 
contain  about  fix  cubic  inches  of  air.   The  whole 

V  *         ... 

quantity 
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quantity  of  elaftic  fluid,  therefore,  employed  in 
this  experiment,  was  one  hundred  and  forty  one 
indies. 

Ir  ihefe  two  drachms  of  lime  had  aftual 
crafted  from  the  foda  a  portion  of  the  elaftic 
fluid  which  it  contained,  it  muft  necelTarily  fol- 
low, firft,  that  the  foda  Ihould  contain  Icfs  of  k 
than  before.  Secondly,  that  the  quantity  ab- 
ftrafled  from  the  foda  ftiould  be  found  united 
with  the  lime.  To  verify  this  conjefture,  I  de- 
canted, on  one  parr,  the  alkaline  folution  fwim- 
ming  above  the  lime,  to  the  very  laft  drop  ;  oti 
the  other  fide,  I  carefully  wafhcd  the  lime  which 
was  at  the  bottom,  and  hflly  I  faturated  each  of 
them,  feparately,  with  nitrous  acid,  in  llie  appa- 
ratus defigned  to  meafure  ihc  quantity  of  a' 
charged,  reprcfentcd  in  figure  i. 

Th£  alkaline  folution,  inftead  of  135  inches, 
now  only  yielded  6-t  j  the  lime,  on  the  contrary* 
which  Iliould  have  only  produced  6  inches,  af- 
forded 80,  total  144,  which  was  within  three 
inches  of  the  total  quantity  employed. 


EXPE- 
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EXPERIMENT    VI. 

The  fame  experiment  was  repeated,  employ- 
ing the  fame  quantities  of  mineral  alkali  and  of 
water,  only  adding  four  drachms,  inftead  of  two, 
of  lime.  The  alkaline  folutipn  was  decanted, 
and  the  lime  wafhed  with  a  little  water  •,  after 
which  I  fubmitted  them  both  feparately  and 
fucceffively  to  the  apparatus  reprefented  in 
figure  I. 

The  feparation  of  air  from  the  alkadine  lixi- 
vium was  only  i8  cubic  inches.  The  lime,  on 
the  contrary,  yielded  132;  the  whole  amount, 
150  inches  ;  which  is  equal,  again,  within  about 
eight  inches,  to  the  total  quantity  of  elaftic  fluid 
employed  in  this  experiment. 

Four  drachms  of  flaked  lime  are  capable, 
according  to  (he  experiments  related  in  the  pre- 
ceding Chapter,  of  abforbing  more  than  200 
cubic  inches  of  elaftic  fluid  •,  however  it  wamrd 
18  inches  of  attracting  the  135  inches  of  air 
which  the  foda  contained.     This  circumftaoce 

proves 
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proves,  on  one  fide,  that  the  laft  portions  o^ 
elaftic  fluid  have  a  ftrong  adherence  to  alkaline 
fubftances  with  which  they  are  united;  on  the 
other  hand,  that  lime,  after  it  is  combined  with 
a  certain  portion  of  cladic  fluid,  no  longer  ads- 
fo  powerfully,  as  before,  in  abforbing  more. 

I  SHALL  now  proceed  to  the  phenomena  olv*! 
fervable  in  the  volatile  alkali. 

EXPERIMENT    Vll. 

The   Dissolution    of  concrete   Volatile  J 
Alkali  in  Nitrous  Acid. 


Into  a  fmall  matrafs,  with  a  long  neck,  were 
poured  fx  ounces  of  nitrous  acid,  and  a  quan-  . 
tity  of  concrete  volatile  alkali    was    graduall£~ 
added  till  the  acid  was  thoroughly  faturated. 

A  VERY  briflc  cHcrvefcencc  enfucd,  and  the  ' 
I  quantity   of  volatile  alkali,    neccflary  to  com- 
[  pletcly  faturaie  the  nitrous  acid,    was  2  ounces, 
,  6  drachms,  36  grains.     The  total  weight,  there- 
fore, of  the  ingredients  employed,  was,  bcfotft 
their  mixture,  8  ounces,  6  drachms,  36  grains. 
The 


J 
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The  comUnation  being  efitded,  there  only  were 
found  7  ounces,  j  drachms,  60  grains ;  irooi 
whence  it  follows  that  the  lofs,  during  the  eficr* 
vefcence,  amounted  to  i  ounce,  2  drachms,  48 
grains. 

EXPERIMENT    VIII. 

To  MEASURE  THE  QUANTITY  OF  ElASTIC  FlUID 
DISCHARGED    FROM    A    GIVEN    QuANTITV   OP 

CONCRETE  Volatile  Alkali. 

I  EMPLOYED  in  this  experiment  ^  of  the  in- 
gredients of  the  preceding  one,  viz.  li  ounce 
of  nitrous  acid,  and  5  drachms  45  grains  of  con- 
crete volatile  alkali.  The  combination  being 
made  in  the  apparatus  defcribed  fig.  ift.  yielded 
me  270^  cubic  inches  of  elaftic  fluid,  which  be- 
ing multiplied  by  4,  makes  1 080  cubic  inches 
for  the  quantity  of  clafiic  fluid  contained  in.  2 
ounces,  6  drachms,  36  grains  of  concrete  vola- 
tile alkali.  The  height  of  the  barometer,  at  the 
time  of  this  operation^  was  28  inches,  ij-linc, 
a^d  of  the  thermometer  19  degrees.  The  weight, 
therefore,  of  a  cubic  inch  of  atmofpheric  air, 

was. 


Wi»i  iMMt.  de  lAtt  hai  MMiibl  H,  abddt 
m  ^bi*  gfaiif  t  cdn^tienflf;  IP  the  el^c 

wtn^  1i& ' Tttvuxlt  Tiiiki *  nnolpnA ic  aif|  id86 
liolric  inches  oughtnoc  to  weigh  above  6  driiiihmi 
54  gnuns}  but  the  lofi  of  weight  amounted 
(Exp.  VIL)  to  i  ^iuii^  2:<bSi£hnlb»  40  grains ; 
on  which  -the  fame  reflefiions  may  be  made  as 
thofe  with  TttpdBL  to  chalk  and  the  aUtali  of 
fcda*. 


EXPERIMENT    IX. 

* 

The  Combimatiov  of  Lime  with  a 
Solution  of  concrete  Volatile 
Alkali. 


Eighteen  ounces  of  diftilled  water,  and 
two  ounces  of  concrete  Tolanle  alkafi  were  mix- 
ed together  in  a  veflH  which  was  immediacely 
corked  cloiely.  The  folution  produced  cold,  ai 
is  the  cafe  with  moft  falts.  When  the  faline  li- 
quor 
• 

•  Vide  Exp.  U.  Chap.  I.  &c. 


I 
I 


FIXED  AND  VOLATILE  ALKALIS.  271 

quor  had  recovered  ihe  temperature  of  the  labo^ 
ratorv,  which  was  about  17  decrees  of  Reau* 
four's  ihcrmoraetcr,  I  immcrfed  ihe  fame  filvcr 
hydrometer,  which  I  ufcd  in  the  former  experi- 
ments i  the  weight  of  the  fluid  difplaccd  by  it, 
was  found  co  be  9  ounces,  3  drachms,  65  ^ 
grains,  fo  that  the  fpccific  gravity  ofthisfolu- 
tton  was  to  that  of  difliUcd  water  as  10^7440  to 
1000000. 

I  RETURNED  ihts  folutioQ  ioto  a  bottle  which 
was  well  corked  -,  1  then  added  an  ounce  of  lime 
flaked  and  dried  ;  the  veflel  was  fiiakcn  for  fome 
moments,  then  left  to  fcide,  and  the  liquor  be- 
ing decanted,  ihc  hydrometer  was  again  thrown 
into  it:  the  bulkof^uid  difpLiccd  by  the  in< 
flrument,  was  found  10  be  fenfibly  lighter  than 
before  the  addition  of  the  lime.  lis  weight  was 
Otity  9  ounces,  s  drachrm,  59  grains ;  that  is 
10  lay,  the  fpccific  gravity  of  the  foluiion  now 
exceeded  that  of  difUlled  water  only  in  the  pro- 
portion of  1022492  to  1000000.  This  fulution^ 
which,  before  the  lime  was  added,  had  only  a 
faini  odour  of  the  volatile  alkali,  became  now 
very  penetrating. 

T  To 
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To  ihis  folution  four  drachms  of  frefti  lime 
were  added,  the  weight  of  the  volume  of  fluid 
difplaccd,  was  now  found  to  be  reduced  to  nine 
ounces,  one  drachm,  and  fifty  fcven  grains,  viz. 
its  fpeciBc  gravity  was  to  that  of  diftilled  water 
in  the  proportion  of  100S446  to  loooooo. 


FoDR  drachms  more  of  iime,  reduced  itswcighi 
to  nine  ounces  Gxty-nine  grains,  confequentiy 
liqueur  was  lighter  than  that  of  diftillcd  waiet 
it)  the  proportion  of  997058  to  1 000000. 


The  folution  was  then  extremely  penetrating"* 
the  vapours  wcic  even  fo  fuffbcating  thai  it  was 
impoflible  to  proceed  in  the  operation  to  detcr- 
nrine  the  fpecific  gravity,  without  taking  fonw 
precautions  to  avoid  them. 

FoDR  drachms  of  freOi  lime  being  again  added; 

the  liquor  appeared  to  be  lighter  than  diftillcd 

water  in  the  proportion  of  990790  to  1000000. 

Tms 

*  The  fuperior  levity  of  iht  fluid  volatile  nlkali  to  Am 
of  water  has  hcen  already  obferred  by  Mr.  Bauin£,  rela- 
tive!/ n  that  dsAvtn  from  fal  ammoniac  by  meant  ofqnick- 
Kmc.    Sec  Chymie  expeiimcntalc  ct  raironaic,  p.  112. 


the        I 
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This  is  th/e  point  at  which  the  volatile  alkali 
IS  deprived  of  its  elaftic  fluid  as  much  as  it  caa 
be  by  lime;  for  on  adding  afterwards  four 
drachms  of  lime  to  the  alkaline  folution,  no  far* 
tl|cr  diminution  was  produced  in  its  fpecific 
gravity  *• 

This  experiment  evinces,  that  the  greateft 
quantity  of  Jlaked  Ume^  neceflary  to  render  the 
volatile  alkali  as  cauftic  as  it  can  be  made  by 
that  means,  is  two  parts  and  half  \  according  to 
this  proportion,  rather  lefs  than  two  parts  of 
quUk'Ume  will  be  fufficient  to  produce  the  fame 
cfieft  I  but  it  is  much  preferable  -  to  ufe  Jlaked 
Ume  I  becaufe  the  great  heat  which  the  liquor  ac^ 
quires  in  the  extindion  of  the  lime,  would  diffi* 
pate  a  portion  of  the  volatile  alkali. 


*  Tri  tottl  qiuyitity  of  lime  made  ofe  of  in  this  expi« 
pmtnt  mu  tJoSdy  thnt  Qunctt. 


T2  EXPE- 


996  aWXmB, J£f.ASTIC  7X.UID 3R 


-.  r 


•  ^  ■  I  #  ••  •■ 


m  ■  •       a  • 


.  -   •    I 
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^TMB-ItfCiiiXxsit  w  ytiiQWt  IN  LtUs  which 

AAi  BBtN  COMBIN ID  WITH   A   SOLUTION    (ff 

oONCitiTB  Volatile  Alkali. 
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.  To  fMn^  uin  Ezpcriimoc  1V«  thgt  linie 
flttnfts  femeUAv  fiom^ihc  voladle  alkali,  the 
foIutkH),  wbkh  had  been  dicninifhed  in  its  weight, 
in  the  laft  experiment,  ^as  decanted,  and  all  the 
liibe  which  had  fettled  to  the  bottom  was  care* 
fully  iepfarated.  I  dried  it,  by  keeping  it  ex- 
pdfed,  for  a  long  time,  in  a  fadd  baih,  to  a  de- 
gree of  heat  rather  greater  ahanthat  in  which 
mercury  boils,  and  therefore  jcapable  of  driving 
off  any  volatile  alkali  which  might  remain  inter- 
pofed  among  its  particles  i  after  which  having 
weighed  it,  I  found  its  weight  CO  be  3  ounces, 
4  drachms,  60  grains,  whereas  it  only  weighed 
exaftly  3  ounces  before  the  operation. 


If,  now,  we  calculate,  after  the  propordona 

of 
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of  Experiment  VIII,  we  (hall  find  that  the  twtt 
ounces  of  concrete  volatile  alkali  employed  in 
Epcrtmeni  JX.  IlKmUl  contain  768  cubic  inches 
of  elaftic  Auidj  but  thcfe  768  inches  of  elaflic 
fluid,  by  paHing  inco  the  lime,  occafioaed  in  it 
an  augmentation  in  weight  of  4  drachms  60 
grains-,  each  inch,  then,  of  claftic  fluid  weighed 
•^  of  a  grain  -,  if  bich  is  precifely  ihe  fame  as  the 
freigbc  of  a  cubic  inch  of  atmofphcric  air. 

It  may  be  here  oSjcflcd,  that  I  fuppofir,  in 
thb  experiment,  that  the  eliAic  fluid  has  paOed 
finm  the  volatile  alkali  into  the  lime,  wlrhoui 
demonftratiog  it.  I'he  following  experiment 
will  remove  this  objei^ion. 


EXPERIMENT    XI. 

To  DEMONSTRATE  IN  THE  LlMB  THE  QUAN- 
TITY OF  Elastic  Fluid  which  it  has  at- 
tracted FROM  THE  Volatile  Alkali. 

FrvB  drachms,  45  graitis  of  concrete  volatile 

alkali  were  dilTolved  in  a  fufficicnt  quantity  of 

T  3  diftilW 
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diftiUed  water ;  I  then  added  half  its  weight,  or 
2  drachms,  58  grains  of  flaked  lime;  I  agitated 
the  liquor,  and  when  1  thought  the  lime  had 
exerted  all  its  force,  the  liquor  which  fwara  a- 
bove  ic  was  decanted,  and  I,  feparately,  fubmit- 
ttd  both  the  lime  which  was  depofited  at  the 
bottom  of  the  vellcl,  and  alfo  the  volatile  alkali 
to  the  Umc  apparatus,  figure  lit.  The  fepara- 
tion  of  air  afforded  by  the  lime  was  163  inches, 
that  furnifhed  by  the  volatile  alkali  was  nearly, 
as  much  as  it  Ihould  be  to  make  up  the  270 
cubic  inches  of  elaftic  fluid  contained  in  five 
drachms,  45  grains  of  volatile  alkali ;  I  fay, 
nearly  as  much,  becaufe  one  circumftaoce  of  the 
experiment,  which  it  is  infignificant  to  repeat, 
occifioncd  an  uncertainty  of  fome  inches  as  to 
the  produA  obtained  from  the  volatile  alkali. 
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EXPERIMENT    XII. 

To    RBSTOKE    TO    A    CAUSTIC  AlKALIME  LUCI- 

VIITM   OP    SODA>    THE  AlH    OF  WHICU  IT  HAS 

£ul  2IEN  DEPRIVED  BY  LlME,  AND  AT  THE  SAME 

l/^^TIME  to  restore  it  to  its  oricinai.  Spe- 
cific Gravity  AND  THE  PROPERTV  OF  SF- 
FERVESCIHO  WITH  AciDS. 

I  TOOK  the  alkaline  lixivium  of  Experiment 
III.  which  had  been  deprived  of  its  air  by  lime* 
and  placed  it  in  the  apparatus  rcprefenred  figure 
7th,  and  I  caufcd  the  elaftic  fluid  detached  from 
chalk  by  the  vitriolic  acid  to  bubble  into  it. 


When  only  a  Cnall  quantity  of  the  csuftic  al- 
kaline lixivium  was  put  into  the  bottle  I.  it  re- 
covered its  eftervefccnt  property  in  three  or  four 
minutes  j  a  longer  time  was  neccfTary  in  propor- 
tion as  the  bulk  of  the  liquor  was  more  confi- 
dcrablc;  but  in  each  cafe  its  fpecific  gravity  was 
fenfibly  augmented,  and  at  the  end  of  the  expe-  . 
riment  it  was  nearly  the  fame  as  before  its  com- 
bination with  the  lime. 

T4  EXPE. 
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BXPERIMBKT    XIII. 

.  -  KjASTHi A»  vnfcasAavit*  ArrftJMiTED 
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4'  ■-•-•«lt»*.  laf^af^ia^ 

Tni  volidle  alkali  of  Expmment  DL  of  this 
Chojiiet^  itndeitd'  caufthr  bf  lime,'  ^lon  >placed 
in  the  bottle  L  figure  7th.  and  the  elaAic  fliiid^iif- 
chtttged  from  chalk  by  the  f  icriolic  <icid  was 
mtdei  to  pafs  through  it.  The  liquor  was  gra- 
dually tncreaied  ih  fpedfic  gravity  %  its  quick 
and  penetrating  odour  was  rendered  mild ;  and, 
]aftly>  k  recovered  the  property^  which  ft  had 
loft,  of  eflervefcfng  with  acids,  and  of  precipi- 
tating calcareous  earth  diflblved.  in  the  nitrous 
acid  *. 


*  This  hft  drcamlUnce  is  comrefted  with  Experimeni 
I.  of  the  following  Cluster. 


CHAP. 


CALCAREOUS  EARTH,  &c. 
iafcrfib  I  '  >  : 


...    .     CHAPTER     in. 

■    ;fti'-t;  ■   •       *-'! 

Or  THE  PRECIPITATION  or  CALGJ^ 
REOUS  EARTH,  dissolved  in  NI- 
TROUS ACID  BY  ALKALI^  IN  A 
CAUSTIC,    AND 'in  a  MILT)  STATE. 

HAVING  matle  «  three-fiild  combination 
of  nitrous  acid  and  calcareous  canh,  as 
alfo  the  Bxed  and  volatile  alkalis,  with  elaftic 
fluid  (  and  having  Qvcwn  how  the  lall  paHcs 
(tola  klkalis  into  calcareous  eartli,  and  how  k 
xoay  be  driven  from  tbc  kctcr  by  means  of  acids ; 
1  thought  it  ncccflhry,  after  the  examples  of 
Melti's.  Black  and  J jcqutn,  to  render  thcle  com- 
bustions niorc  complex,  to  make  them  qaadni- 
plicate;  and  1  jHali  sow  relate  the  phenomena 
which  tbde  expfrtmenis  prefeitted  to  roe. 

I  FIRST  dilTolved  one  ounce,   five  drachms 

thirty-fix  grains  of  flaked  lime,  in  fix  ounces  of 

nitrous 
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nitrous  acid*.  This  fotuuon  was  again  divided 
into  four  equal  pans,  and  placed  in  as  majiy  |e- 
parate  velTels  ;  it  is  evident  that  each  of  thefe 
contained  one  ounce  and  a  half  of  nitrous  acid, 
and  three  drachms,  twenty -fcvcn  grains  of  flaked 
lime.  I  kept  them  to  make  the  four  following 
Experiments. 
■.■I       ,     -•-■■ 

'   'Experiment  i. 

The  Precipitatiok  or  Lime  dtisolvsd  i 
NiTROt;s  Acid  bv  Fossilb  Alkalis,* 

TO  one  of  the  four  portions  of  the  above  fo- 
lution,  was  added,  drop  by  drop,  fome  alkali  of 
foda  in  a  liquid  form,  which  was  continued  tilt 
no  more  precipitation  was  produced ;  there  was 
neither  motion,  nor  effervefccnce  in  the  mixture, 
and  the  precipitate  collc»9:ed  together  in  a  white 
form.  The  liquor  which  was  above  it  was  de- 
canted, the  powder  wafbed  in  fevcral  ponJOns  of 
diftiUed  water,  and,  having  dried  it  in  the  beat 

*  See  Chapter  L  Hxpetineiit  V. 
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of  boiling  mercury,  it  weighed  four  drachm*, 
6gxy  grains. 

>y  This  earth  effervefced  briikly  witb  acids ;  it 
had  very  little  lafle,  and  did  not  fcparate  the 
volatile  alkali  from  fal  amcnoniac  without  heat^ 
in  a  word,  it  was  no  longer  in  the  Hate  of  limc^ 
but  in  that  of  calcareous  earth  or  chalk. 


EXPERIMENT     II. 

Titt  Prbcipitation  of  Calcareous  Earth 
DisiOLVED  IN  Nitrous  Acid  by-  CAusTrc 
FossiLE  Alkali. 

INTO  the  lecond  portion  of  the  fame  iblu- 
tion  1  poured  fome  lixivium  of  alkali  of  fodx, 
wluch  had  been  deprived  of  its  air  by  lime*. 
The  precipitation  was  made  in  the  common  man- 
ncTi  having  afterwards  wafhed  and  dried  the 
precipitate,  its  weight  was  three  drachms  forty- 
eight  grains.  This  earth  was  a  true  lime-,  it 
dilTolved 

(      ■  See  Ch>fUs  U.  ExpcrimCDt  111. 
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diftblved  In  water,  in  the  ikme  propordon  u 
V\me;  the  lime-water  prepared  with  it,  tbrew  up 
s  cremor  calcis  OR  itsfurface;  it  made  fcarcely 
any  elTifrvercence  wiih  aods;  it  communicated 
caullicity  to  alkalis  j  it  decompofcd  fal  ammo- 
niac withom  heat ;  in  (hort,  rK>  difference  coutd 
be  pcreeired  between  this  and  real  lime  prepar- 
ed by  calcination. 

EXPERIMENT    III. 

The  Frecii>itatiok  op  Calcareous  Eastk, 
•    DISSOLVED  IN  Nitrous  Acid,  by  a  Solu- 
tion OF  Concrete  Volatile  Aliuu4> 


THE  precipitation,  in  this  Expcritnent,' > 
made  with  a  fulficienily  fcnCble  effervefcent  moti- 
on, and  this  circumllance  fiirnilhes  alio  a  new 
confirmat'ioR  of  the  theory.  It  has  been  (ten,  in 
faA,  Chapter  II.  Experiment  VIII.  and  Chapter  I. 
Experiment  It,  that  the  volatile  alkiUi  concains 
more  elaftic  fluid  than  calcareous  earth;  the  lat- 
ter, lliCKfore,  cannot  abfotb,  during  its  prccipi- 
tationi  the  whole  of  what  b  difchargrd  from  the 
volatile 
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volatile  alkali  in  its  ruluttoa,  and  there  mufi  ne- 
ctfliriiy  be  an  ovcrplm  which  having  recovered 
kseUflicity,  mult  be  dilTipntrd  by  cffervcfcence; 
TJie  precipitate  was  of  a  ycliuwifli  whitcj  and 
being  dried  in  the  fame  manner  as  in  the  former 
experiments,  it  weighed  4  dmchms,  43  grains. 
This  earth,  like  that  of  Experiment  I.  of  this 
Chapter,  was  in  the  ftate  of  calcareous  earth  -,  it 
was  infoluble  in  water  1  it  elfervcrccd  with  acids, 
and  had  none  of  the  chara^riltics  of  lime. 


EXPERIMENT  IV. 


I 


The  PRtciPiTATiON  OF  CALCAREOUS  Earth, 
DtisoLvED  IN  NITROUS  Acid,  hy  caustic  VOLA- 
TiLS  Alkali. 

I  ATTEMPTED  this  precipitation  in  vain,  both 
with  the  volatile  alkaH  of  fal  ammoniac  feparated 
bjf  lime,  and  with  concrete  volatile  alkali  depri- 
ved of  its  elaftic  fluid  by  the  addition  of  lime, 
as  alio  by  a  volatile  alkali  feparated  from  fal  am- 
moDiftc  by  metallic  fubltances  and  well  freed 
from  cUftk  fluid  i  in  all  thcle  cafes  the  calcare- 
ous 
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ous  earth  wat  not  precipitated;  I  only  obferved-" 
that,  fometitnes,  che  liquor  loll  fomething  of  its 
tranfparency,  that  a  yellow  matter,  in  time,  coU 
lefled,  like  very  fine  ruft  of  iron,  which,  when 
dried,  weighed  but  a  few  grains  *. 


.  It  appears  from  thefe  four  experiments,  itt. 
That  we  may,  at  pleafure,  precipitate  an  alka- 
-  line  earth  from  its  folution  in  nitrous  acid,  either 
in  the  form  of  chalk,  viz.  faturated  with  clallic 
fluid,  or  in  the  form  of  lime.  It  is  lime,  if  it 
be  precipitated  by  a  cauHic  alkali,  or  an  alkali 
deprived  of  its  claftic  fluid :  and  if  precipitated 
by  a  mild  alkali,  it  is  chalk,  zdly.  That  when 
it  has  been  precipitated  under  the  form  of  lime, 
its  weight  is  nearly  the  fame  as  that  of  the  origi- 
nal lime  employed  in  the  folution,  whereas,  on 
ihc  contrary,  when  it  is  precipitated  under  the 
ibrm  of  calcareous  earth  or  chalk,  i.  e.  faturated 
with  elaftic  fluid,  it  is  obtained  with  an  increafe 
of  weight  nevly  equal  to  that  which  lime,  con- 
verted 

"  Xt  has  been  klreidy  fcen,  Chapter  TI.  Experiment 
Xni.  tlMK  by  reftoricrg  tbe elallic fluid  to  the  uuflic  voluila 
alinli,  (lie  propetiy  of  precipitating  calcueoui  onli  wtf- 
ajfo  rdlored  to  it. 
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terted  into  chalk,  acquires.  3d!y,  That  fome- 
thing  was  however  wanting  to  render  this  aug- 
mentation as  great  as  it  (hould  be  -,  for  it  appears 
from  the  experiments  related  at  the  beginning  of 
Chapter  I.  that  3  drachms,  27  grains  of  ilaked 
lime,  afterwards  faturated  with  clallic  fluid, 
ought  to  weigh  4  drachms,  63  grains.  We  had, 
however,  by  the  fofTile  alkali,  Experiment  I. 
but  4  drachms,  60  grains,  and  by  the  concrete 
volatile  alkali.  Experiment  III.  only  4  drachms, 
49  grains;  which  farther  confirms,  what  was 
above  advanced,  that  lime,  which  very  power- 
fully attrads  the  Brft  portions  of  elastic  fluid 
which  are  prefcmcd  to  it,  afts  but  weakly  00 
the  laft. 

The  Experiments  related  in  thefc  two  chap- 
ters, give  aimoft  the  ftrongeft  proofs  that  can  be 
adduced  in  phyPics,  that  the  fame  elaftic  fluid, 
which  has  been  fcen  to  cxift  in  chalk.  Chapter  I. 
u  aUb  found  in  the  fixed  and  in  the  volatile  alka- 
lis; that  it  may  be  driven  off  from  them  by  dif- 
folving  them  in  acids ;  and  that  the  effcrvcfcence, 
obfervablc  at  the  inflant  of  their  combination,  is 
caufcd  by  the  feparation  of  this  6uid.  That  the 
Umc 
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wA  fine^  thu  with  «UMli9t.6Ia  i  and  that  it 
ialbr  dni  rmibii;  :that  if  tra  mm  lima-with  tn 
airline  ky^*  k  AttraAi  tha  claftie  fluM.which  the 
aOuiU  qootabie^  iiDVei  Hiih:  it^  b  wavcttBd  tiitd 
fUlqtfcooi  vrAi  agd  ndhMesrthe-f^^    to  t 

r     , _,      .         .....  ■  » •    1  . 1  »•    ■    • 

.k      -f  ,  .  .    ^  .  ■..   -  •*      •  ■    »■■• 

i:;  TWU  lll^^:.|KP'^p^i>«^..th9.:M)e:t0.jH^ 

riif  fiftfri"tfittf  whidi 'li-T juHfii  ittide  ob  tbc 
MiDiv  of  daftic  fliud  kfrnntcA' from  idkaliw 
ialts  and  earths ;  but  other  confideraty>ns  oblige 
ine,  firft,  to  inquire  into  the  cooibinatioQ  of  this 
fluid  with  metallic  fubftances. 


CHAP. 


Elastic  fluir,  &c. 


»«» 


CHAPTER     IV. 


I 


Or  THE  COMBINATION  of  the  ELASTIC 
FLUID  OF  CALCAREOUS  EARTH  and 
ALKALIS  WITH  METALLIC  SUB- 
STANCES BV  PRECIPITATION. 


EXPERIMENTS,  fufficicnlly  numerous,  . 
lead  mc  to  believe,  that  the  elallic  fluid, 
the  fame  whofe  exiftence  I  have  endeavoured  to 
prove  in  calcareous  earth  and  alkali?,  is  capable 
of  uniting,  by  precipitaiios,  with  moft  metallic 
fubdancesi  that  it  is,  in  a  great  mcafure,  this 
principle  which  forms  the  augmentation  of  weight 
in  metallic  calces,  which  deprives  thctn  of  their 
brilliancy,  which  reduces  them  to  the  form  of  a 
calx,  &Cr  Though  my  experiments  on  this 
fubjedl  arc  very  numerous,  yet  as  it  is  not  to  be 
doubted,  that  the  precipitates  retain  with  them 

Cof  thnr  folvcDts  and  of  the  I'ub- 
U  ftancc* 
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ftanccs  which  have  been  ufcd  to  precipitaie 
them  ■,  and  that  to  this  circumftance,  alfo,  fomc 
particular  phenomena  are  joined,  which  arc 
cauled  by  the  decompoGtion  of  the  acids ;  I 
thought  it  better  to  referve,  for  a  particular  me- 
moir, the  greater  part  of  my  experiments;  and 
fiiall,  therefore,  contem  myfelf  with  delivering, 
at  prefcnt,  thofe  which  are  more  cficnrially  con- 
nefted  with  the  fubjefP  which  I  am  now  treat- 
ing; but  with  this  caution,  however,  to  the 
reader,  that  they  arc  related  but  as  fafts»  ibc 
confequencci  of  which  are  not  yet  fufficiendy 
proved. 


EXPERIMENT     I. 
TaE  SoLDTioN  OP  Quick-silver  in  the 

TKOUS  AC1I>. 
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EXACTLY  twelve  ounces  of  qpatck-filvcr 
were  put  into  a  matrafs,  and  twelve  ounces  of 
fpirit  of  nitre*  poured  on  it}    immediately  a 


*  Sec  Chapter  L  Experimesc  I. 


fpontancous 


I 


fpODtaneous  cfTervefcence  enfued  attended  with 
heat.  The  red  vapours  of  the  nitrous  acid  arofe 
from  thr  mixture,  and  the  liquor  alTumcd  a 
grcenifh  colour.  1  did  not  wait  till  the  folution 
was  entirely  accomplifhcd,  before  I  weighed  it  •, 
it  had  loft  one  drachm,  eighteen  grains:  three 
hours  after,  the  mercury  was  nearly  all  difTolv- 
ed(  but  having  again  weighed  the  folution,  I 
was  much  aftoniflicd  to  perceive,  that  it  had  in- 
creafed,  inllead  of  being  diminifhed  in  weight, 
and  that  the  lofs,  which  was  one  drachm  eighteen 
grains,  at  firft,  was  now  only  fifty-four  grains. 
The  next  day  the  folution  of  the  mercury  was 
entirely  finilhed,  and  the  lofs  of  weight  reduced 
to  eighteen  grains ;  fo  that  in  twelve  hours,  the 
folution,  chough  confined  in  a  narrow  necked 
matrafs,  had  acquired  an  augmentation  in  weight 
t^onc  drachm.  Not  having  leifurc  at  that  time 
to  purfuc  this  phenomenon  farther,  I  poftponcd 
my  inquiry  to  a  future  opportunity!  I  added 
fomc  diftilled  water  to  my  folution,  to  prevent 
it  from  cryftalllzing,  the  total  weight  of  it  wai 
then  found  to  be  forty-eight  ounces,  one  drachm, 
eighteen  grains. 


Vz 
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m-fht  pttoediBg 
»o  ooooei  of  ni« 
of  qokk-filver.  Oa 
dhe  (xher  fiie^  I  yKyiml  fix  dnchinsy  thirty-fix 
pais  QC  dolk,  and  foar  dnduns,  thirty-fix 
graxos  of  (liked  fine;  It  his  been  (een.  Chapter 
L  Esqxnaients  L  md  Vf.  that  thefe  were  the 
pfoporaoos  oeocfllary  lo  fiomte  tvo  ounces  of 
nitrous  add.  I  pot  the  dulk  into  one  of  the 
^efiefa^  and  the  fime  into  the  otfaec; 


A3f  eficrvdcence  attmdcd  tfae  pcecipitation  by 
the  chalk,  but  wiihoiic  any  heat;  the  mercury 
precipitated  in  a  1^^  yeUow  powder;  at  the 
lame  time  the  chalk  was  diflblvcd  in  tfae  moma 
acfcL 

The 


I 
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The  precipitation  by  the  lime  was  tffeftcd 
without  efForvcTcence,  but  with  heat}  the  mer. 
cury  waa  precipitated  in  a  brownifh  powder. 
When  the  precipitates  were  well  fubfidcd,  I  de- 
canted off  the  liquor  from  ihcm,  and  carefully 
edulcorated  them.  After  which  I  caufed  them 
to  be  dried  in  a  beat  iKarly  equal  to  that  tn  which 
mercury  boils. 

The  precip*ia«  by  the  chalk  weighed  two 
ounces,  two  drachms,  forty-five  grains-,  that  by 
cbe  lime  weighed  two  ounces,  one  drachm,  forty' 
five  ^ain».  It  was  of  a  deep  grey  earthy  ap- 
pearance. 

EXPERIMENT    III. 

The  Solution  ot  Iron  bv  tjie  Niraous 
Acid. 

SIXTEEN  ounces  of  nitrous  acid,  the  fame 
as  employed  in  the  preceding  Ejcperiments,  were 
placed  in  a  mairafs,  and  fome  iron  filings  gra- 
dually added ;  the  effcrvcfcence  was  brifk,  at- 
tended wi(b  grt»  heat,  red  vapours,  and  a  very 
U  3  rapid 
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rapid  difcharge  of  eladic  fluid:  the  quantiCfQ 
iron,  neceiTary  to  attain  the  point  of  laturation, 
ivas  two  ounces  four  drachnis ;  afttr  wbicK  the 
iofs  of  weight  va$  found  to  be  four  drachms 
nineteen  grains.  As  the  Talution  was  lurbid,  1 
added  as  much  diHilJed  water  as  made  the  whole 
iveight  of  the  foluiion  to  be  exadly  Hx  poands. 


EXPERIMENT    IV. 


The  P&ecipitatiok  Jop  Irow,  DissOL'Yltb 
Nitrous  Acid,  by  Chalx  and  vr  himx. 


1  TOOK  two  portions,  each  weighing  twelve 
ounces  of  the  above  foliuion,  and  comaioing  two 
ounces  of  nitrous  acid,  and  two  drachms,  tliirty' 
fix  grains  of  iron  filings.  I  placed  them  in  two 
feparate  vcflcls ;  (o  one  were  added  fix  drachms, 
thirty-fix  grains  of  chalk,  and  to  the  other  four 
drachms  lliirty-Ox  grains  of  flaked  )ime,  being 
Fbe  quantities  necefTary  co  laturatc  the  acid. 

Ths  precipitation  was  cfieded  t^  tbe  cbaUc 

vitti  eflkvefcence  and  tume^dtion  s  chat  hy  tbo 

limp| 
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time,  without  rither  effcrvcfcencc  or  beat.  Each 
precipitate  was  a  yellow-brown  ruft  of  iron. 
They  were  waftied  in  fcveral  parcels  of  diftillcd 
w4tcr^  and  tlien  dried  in  a  fand  heat  fomcthiog 
fuperior  to  that  ufcd  in  the  Izil  experiment. 


The  precipitate 'b]f  the  chalk  when  dried,  was 
a  greyifh  ruft  of  iron,  inclining  even  to  white  by 
veins  i  it  weighed  6  drachms,  35  grains  j  that 
by  the  Itme  was  rather  yellower,  and  weighed 
4  drachms,  69  grains. 

The  rcfults  of  dicfc  experiments  are,  ift. 
That  iron  and  mercury  diffolved  in  the  nitrous 
acid,  acquire  in  general  a  remarkable  increafe 
of  weight,  whether  tliey  be  precipitated  by  chalk 
or  by  lime,  sdly,  That  this  increafe  is  greater 
in  refpeft  to  iron  than  to  mercury,  3dly,  That 
one  reafon  for  thinking  that  die  elaftic  tluid  con- 
tributes  to  this  augmentation  is,  that  it  is  con- 
fiantly  greater  when  an  earth  is  employed  fatu- 
rated  with  elaftic  tluid,  fuch  as  chalk,  than  when 
an  earth  is  ufed  which  has  been  deprived  of  it, 
as  lime.  4thly,  That  it  is  probable  that  the  in- 
creafe of  weight  which  is  experienced  in  the  pre- 
U  4  cipitaiion 
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cipiiation  by  lime,  although  not  lb  great  as  that^ 
by  chalk,  proceeds,  in  part,  from  a  portion  of 
elaftic  fluid  which  probably  remains  united  to 
the  lime,  and  which  could  not  be  fcparatcd  hy 
the  calcination.  Experiment  VI.  Chapter  I. 
confirms  this  opinion ;  we  there  adually  fee, 
I'jdiat  flaked  lime  flill  contains  fome  ponton  of 
elaflic  fluid. 

To  ihefe  experimoots,  which  fecm  to  lead  t 

a  belief  that  the  augmentation  of  weight  in  tha 

metallic  precipitates  is  partly  due  to  a  portion  of 

elaltic  fluid  which  is  united  to  them,  one  very 

Itrong  argument  may  be  joined  j  which  is,  that 

if,  inftead  of  precipitating  by  an  earth,  the  pre- 

-cipitation  be  made  by  another  metal,  as  fliewn 

1  in  columns  2  and  3  of  Geoffroy's  tabic  of  affi- 

Lfiitie;,  the  diflblved  metal,  inltead  of  being  pre- 

1  cipitatcd  in  form  of  a  calx,  reappears,  on  the 

^contrary,  in  a  metallic  form,  and  is  no  heavier 

rthan  it  was,  previous  to  its  folution  :  It  is  very 

I  probable  that  this  circumllance  depends  on  the 

f  metal  not  flnding,  in  its  precipitation,  any  bodjr 

I  from  which  it  can  actraift  the  elallic  fluid. 


J 
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SHALL  employ  myfelf  more  particularly  on 
this  rubjedt;,  at  fomc  future  period. 


CHAPTER     V. 

Om  the  existence  of  ELA3TIC  F!XA- 
BLE  FLUID,  IN  THt  METALLIC  CAL-' 
CES. 


ALLOWING  that  the  experiments,  related 
in  the  lift  chapter,  may  not  have  com- 
pletely proved  the  poITibility  of  the  union  of  claftic 
fluid  with  metallic  fubftanccs,  they  at  leall  af- 
forded fuch  indications  of  it,  as  were  fufEcient 
to  engage  me  10  purfuc  the  fubjcft  with  paiti- 
cular  attention.  I  began,  from  this  time,  to 
fufpcdt,  that  the  air  of  the  aimofphcrc,  or  an 
claftic  fluid  contained  in  the  air,  was  capable, 
in  a  great  many  circum fiances,  of  being  fixed 
and  combined  with  mccals ;  that  to  the  addition 
of  this  fubftance,  the  phenomena  of  calcination 
were 
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were  owing,  as  likewlfe  the  augmentation  in  weight 
of  the  metals  converted  tnu)  calces,  and,  per- 
haps, feveral  other  phenomena  of  which  philo- 
fophers  have,  as  yet,  given  us  no  fatisfadlory  ex- 
planation. Thefe  conje(Slures  alfo  acquired  a 
very  great  degree  of  probability^  in  my  opinion, 
from  the  followiog  rcflcftions. 

ift.  The  calcination  of  mctats  cuiqoc  take 
place,  in  velTels  clofel/  flopped  and  exhaufti 
of  air. 

2dly.  It  is  proportionably  the  more  readily 
performed,  ts  i  greater  extent  of  farfacc  in  ihe 
metqt  is  expofcd  to  the  air. 

3dly.  It  is  a  faft  known  to  all  the  metal 
glfls,  and  obferved  by  all  ihofc  who  have  been 
converfant  in  the  operations  of  afiaylng  metals, 
that  in  every  reduftion,  there  is  an  cffcrvefcencc 
at  the  moment  the  metallic  fubftance  pafics  from 
the  ftate  of  a  calx  to  that  of  a  metal ;  now,  an 
effcrvcfcence  is  commonly  no  more  than  a  fcpa- 
ration  of  elaflic  fluid  -,  the  calx  therefore  con- 
tains an  elaftic  fluid,  under  a  6xed  form,  which 
rccovcri 
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Rcorers  ics  eUfticicy,  at  the  inftant  of  reduc- 


HowEviR  probable  ihefe  conjeftures  might 
appear  to  me,  ic  was  by  experiment,  abne,  they 
could  be  cither  confirmed  or  refiited  ;  I  accord- 
ingly made  a  fuccefllon  of  different  trials,  fcve- 
ral  of  which  were  not  fuccclsful,  and  the  detail 
of  which  I  think  I  ought  to  fparc  the  reader, 
till  I  finally  attain  the  cftablilhment  of  the  (bt- 
lowing  fafts. 


EXPERIMENT    I. 
The  Reduction  of  Minium  in  an  Apparv 

TU3  PRDPEK    TO    MEASURE    THE    QuaNTITV 

OP  Elastic  Fluid  dischakced   oh   AHf 

tORB&D. 

B.C.D.E.  fig.  8th.  reprefcnts  a  ciftern  or  O' 

tfacr  veflel  of  delf  or  gUTs,  into  which  ii  inverted 

a  eryftal  receiver  F.  G.  H :  in  the  middle  of  th« 

ciftcrn  at  K.  a  finall  column  of  crylUl  I.  K.  is 

ereftcti 
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I.  erefled  formed  into  a  cup  at  the  top,  and  which 

is  to  be  fecurtd  at  the  bottom  with  fotnc  green 

'  wax  •.     On  this  column  is  placed  a  cupel  of 

[  porccJain  or  any  other  very  refraftory  matter. 

I  A  glafs  fyphon  or  bent  tube  M.  N.  fig.  9th.  is 

I  to  be  paflcd  under  the  edges  of  the  receiver,  and 

the  ciftern  B.  C.D.E.  is  to  be  filled  with  water. 

The  water  then  is  made  to  rife  to  fucfa  a  height 

as  is  judged  neccflary,  in  the  receiver  F.  G.  H. 

fay  fucking  the  air  through  the  aperture  N.  of 

•he  fyphon  M.N.   and  then,  with   the  funnel, 

with  a  curved  neck,  reprefenred  fig.  3d.  a  co- 

■  Tering  of  oil  is  introduced  into  the  receiver :  the 

1  oil  rifes  to  the  (iirface  and  prevents  the  elalttc 

\  fluid,  which  is  feparated  in  the  operation,  from 

I  'havir\g  immediate  contafl:  with  the  water  or  bc- 

'ing  abforbcd  by  it. 

In  the  capfule  A  fig.  Sth,  were  placed  1 
drachms  of  minium,  mixed  with  twelve  grains  t 
baker's  fuel,  which  had  been  previoufly  reduced 


'  TiiEti  kind  oFcolnnuiiinay  be  procured  at  mot  of 

l^e  china  Jbof  I  ]  ifaey  xrc  u^cd  ia  licreru  to  Cupfon  ite 

Auit. 


p 
I 
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Id  powder,  and  calcined  for  feveral  hours,  hy  a 
ftrong  fire  in  a  clofc  vcflel.  The  height,  to  which 
the  water,  had  been  raifcd,  G  H,  was  matked 
with  a  narrow  flip  of  paper,  and  the  apparatus, 
thus  difpofcd  was  carried  to  the  focus  of  one  of 
Tchirnaufen's  large  burning  glaHcs,  belonging  to 
M.  le  Cotntc  dc  la  Tour  d'  Auvcrgne :  this  lens 
was  at  thai  time  placed  ac  the  Louvre,  for  the 
purpofc  of  other  experiments  made  by  Meffrs. 
Macquer,  Briflbn,  Cadet,  and  myfclf  jointly,  of 
which  one  part  is  already  communicated  to  the 
Academy  of  Sciences. 

Aluost  at  the  very  inltant  that  the  cupel  A 
was  prefented  to  the  focus,  the  reduction  was  ac- 
-  compliflwd  and  the  lead  reappeared  in  liicle  round 
pieces  or  very  fmall  flwt :  at  the  fame  time  a 
yellowifh  vapour  arofc,  which  adhered  to  the 
arch  of  the  receiver,  and  fccmcd,  to  nie,  to  be 
a  calx  of  lead  which  had  been  volatilized  by  the 
violent  hcaL  When  1  thought  the  redu6^ion  was 
finiihed,  1  withdrew  the  ^paraius  from  the  fo- 
cus, and  placed  it  on  the  fame  ftand,  and  exaftiy 
in  the  fame  place  in  which  it  was  before  the'c^ 
pcration ;  aod  when  the  veiTeU  were  perfeAIjr 
cooled. 
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cooled,  and  had  recovered  ihe  temperature  which* 
ihcy  had  previous  to  the  redodton,  I  obfcrred 
ihe  height  of  the  water,  and  .difcovercd,  by  the 
Qnking  of  the  furface,  chat  a  reparation  had  been 
made  of  about  fourteen  cubic  inchft  of  eUflic 
fluid 

The  quantity  of  lead  obuined  by  this  rcduSi- 
oa  WIS  about  -i^  of  a  cubic  inch,  whence  it  fol- 
lows that  the  volume  of  eladic  fluid  leparated^ 
was  equal  to  four  hundred  and  forty  eight  times 
the  volume  of  the  lead  reduced  j  there  were  fttU 
found  at  the  bottom  of  the  cupel  ibme  portions 
of  minium  unreduced.  This  experiment  was 
frequently  repeated  and  with  difierentproportions; 
thofc  which  I  have  here  mentioned  conftanriy 
fucceeded  beft:  when  too  much  charcoal  was 
afed,  the  reduction  was  made  with  difficulty  at 
the  bottom  of  the  veOel  •,  (he  charcoal  on  the 
contrary  was  burned  on  its  furface,  and  there  PC- 
Tulted  errors  fo  confidcrable  as  to  prevent  any 
confidence  in  the  events. 


Though  this  experiment  was  fufficienily  dc" 

oflre,  I  (till  remained  diflattsfied }  firft,  bccaufe 

the 
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ibe  focus  of  th«  bwning  glafs  being  very  nar- 
rov.  I  was  not  able  to  t^ieratc  but  on  fmall 
qoaotities.  Secoodly,  becaulc  the  heat  was  fb 
great  in  theviciniiy'  of  the  focus,  that  k  was  iai- 
poITible  for  me  to  employ  receivers  of  lefa  chan 
five  or  fix  inches  in  diameter^  and  even  tliefe 
were  much  heated,  and  fomc  of  them  were  bro- 
ken; from  hence  it  happened  that  the  faoall 
number  of  culnc  inches  frparated  during  the  rfrt 
duQion,  being  divided  in  a  fpace  fu  extended  in 
fiirface,  the  differences  were  lirtle  perceivable. 
Thirdly,  becaufe  the  volume  of  air,  contained  la 
the  receiver,  being  very  confidcrabic,  the  leaft 
difference  in  the  temperature  might  occafion  len- 
fiblc  errors.  And  fourthly,  bccaufc  the  oil  alfo^ 
which  covered  the  forfacc  of  the  water,  being 
expofed  to  fo  confiderable  a  degree  of  facie, 
might  diicharge  fome  portions  of  claClic  fluid. 

TiiesB  different  confidcrations  obliged  nie  to 
have  rccourfe  to  an  apparatus  reprelcnted  in  6g. 
10.  the  fird  idea  of  which  came  from  Dr.  Hales  i 
k  has  been  lince  corrected  by  the  late  Mr. 
RoucUe,  and  I  have  alio  made  Cotac  occaiionai 
addiiiofis  and  alwaiioru  in  it. 

Thi 
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The  retort  a.  fig.  to.  is  Btted  at  G.  G.  to  the 
receiver  G.  H.  which  may  be,  according  to  the 
nature  of  the  operation,  either  of  tin,  plated 
iron,  or  glafs  ■,  the  receiver  has  an  aperture  at 
h.  which  is  lengthened  in  a  tube  b.  I.  about  2^ 
frci  in  length.  V.  V.  F.  F.  is  a  large  bucket  of 
wood,  or  rather  of  metal,  perforated  at  K.  K.  in 
irhich  the  receiver  G.  H.  is  placed  j  and  all  the 
parts  are  fecured  with  either  madrck  or  folder^ 
according  as  it  may  be  glafs  or  metal.  Laftly, . 
the  whole  is  covered  with  a  large  glals  receiver 
n.  N.  O.  O.  which  fhould  be  perforated  with  ■ 
fmall  hole  at  ».  This  receiver  is  fupporced  by  a 
pedeilal,  compofed  of  four  fmall  pillars,  kept  at 
'  a  convenient  diftance,  by  means  of  metal  bands. 
Thefe  pillars  are  notched  at  the  top,  to  receive 
the  edges  of  the  receiver. 


When  we  ufc  this  apparatos,  the  fubftances 
on  which  we  Intend  to  operate  are  placed  in  the 
■  retort  A.  It  is  luted  clofcly  at  G.  G.  to  the  re- 
ceiver G.  H.  with  fat  lute,  of  rather  a  thick  con- 
fiftence.  This  operation  ought  to  be  conduced 
with  the  greaieft  attention,  and  the  lute  rnuft  bjr 
no  means  be  onilncd,  as  it  is  cxtiemeljr  e&ntial« 
clue 
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that  odl.the  kaift  pmide  of  m  flioald  be  tntitK 
dooedchroiightliejaoftores.  The  ktfc  is  to  be 
oofeied  with  a  moiftcoed  bbdder,  wind  is  id  be 
ibcurcd  by  tfamd  paflcd  Ihrcral  denes  loand^ 
pietty  dgfat.  It  is  not  nnufefbl  to  remaiic,  thac 
befixt  fte  thitad  be  paflbd  over  the  hue,  it  is 
ncceflary  that  the  bUdder  be  firft  finnljr  dcd  both 
above  and  below  the  junfturc;  to  pirvent  the 
luce  from  fpreadiog  farther  than  is  necaeflaiy,  and 
efcaping  from  the  preflbre  of  the  ihtead. 

Whim  the  vefl&  are  thos  lotcd,  the  cifleni 
V.  V.  F.  F.  is  to  be  filled  with  water,  winch  if 
to  be  pumped  up  bto  die  receiver  bjr  fu&ion  ac 
the  hole  n.  and  nufcd  to  whatever  height  b  de- 
fired  ;  care  muft  be  taken  to  fill  up  the  ctftem 
10  proportion. 

The  fuAton  is  not  (o  eafily  perfwmed  as  maf 
be  imagined  -,  it  becomes  even  extremely  trouble- 
fome  when  the  height  of  the  water  approaches 
28  or  30  inches.  This  difficulty  appeared  to  me 
fo  important,  that  it  was  neocfiary  to  remedy  it ; 
and  I  accompliibed  it  by  applying  to  this  appa- 
ratus the  litde  pump  repreienccd  fig.  i.    I  in- 

X  troduced 
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troduccd  under  the  recipient  n.'S.e.e.  fig.  lo. 
a  tin  fyphon  or  tube  E.  B.  C.  D.  rcprelcnted  fe- 
parately  Bg.  1 1.  Its  extremity  D.  is  proportion- 
ed fo  as  exaftly  to  fit  it  into  the  tube  S.  S.  fig. 
lo.  which  is  furnifhed  with  a  cock  R.  and  whofe 
ether  end  is  adapted  at  S.  X.  to  the  tube  X.  L. 
of  the  pump  P,  When  the  junftures  D.S.  and 
S.X.  have  been  exaftly  fccured  with  the  fat  lute 
or  green  wax  covered  with  a  hog's  bladder,  moif- 
lened  and  tied  round  with  ftrong  thread,  the 
cock  R.  is  to  be  opened,  the  pifton  Z,  put  in  ac- 
tion, and  the  air,  contained  in  the  receiver  ».N. 
t.o.  pumped  out,  and  tlius  wc  arc  able  to  rails 
the  water  conveniently  to  the  neccflary  height. 

The  operations  performed,  with  the  affiRance 
of  this  apparatus,  were  on  the  calx  of  lead,  the 
reduftion  of  which  is  fo  cafy  that  I  did  noi  forc- 
fee  that  any  difficulty  would  occur  tn  the  execu- 
tion of  it.  I  had  very  much,  however,  to  en- 
counter, from  my  embarrafsmcm  in  the  choice 
of  retortsi  ihofe  of  gUfs  are  fo  liable  to  be  aftetl 
on  by  the  calxes  of  lead,  that  they  lofe  their 
form,  sod  flux  before  the  reduction  be  made. 
Thofe  of  earth  refift  ihctn  better,  but  almoft  all 

oi 
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ef  them  have  fmall  imperceptible  holes  through 
which  the  air  penetrates,  (o  that  one  can  fcarcc- 
\y  ever  be  eafy  about  the  fucccfs  of  the  experi- 
ments. 

These  difficulties  interrupted  me  for  a  long 
lime;  and  it  was  not  till  I  was  able  to  procure 
iron  retorts  that  I  began  to  operate  commodi- 
oufly.  As  the  fame  obltades  which  have  ob- 
flruded  me,  auy  alfo  occur  to  thofe  who  would 
repeat  my  operations  i  I  (hall  give  fome  defcrip- 
lion  of  the  fabrication  of  the  retorts  which  I 
tjled. 

A  PIECE  of  the  ftrongeft  iron  plate  that  can 
be  procure<i  is  id  be  forged  into  the  Hiape  of  a 
cap  A.  A.  B,  6g.  13.  to  form  the  bottom  of  the 
retort  t  three  parcels  are  afterwards  to  be  made 
from  the  fame  plate  A.A.C.C,  C.C.D.D, 
D.  D.  E.  the  edg«  of  which  muft  fit  into  each 
other  very  cxaftlyi  the  laicral  junfture  of  each 
ferrel  is  to  be  carefully  foldcrcd  wiih  copper, 
and  the  ferreU  arc  to  be  unitetl  to  each  other  and 
to  the  cap  A,  A.  B.  with  the  fame  folder.  The 
only  diificuhy  in  this  matter  is  with  the  folder 
X I  which 
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which  is  refcrved  for  the  laO,  as  it  muft  be  doni 
on  the  outfide,  but  a  dextrous  workman  wiH 
eafily  accompWh  it,  and  I  have  not  been  much 
tiifappointcd  in  this  rerpcft.  Thefe  retorts  may 
be  made  lufficicntly  red-hot  without  melting  the 
folder;  only  this  precaution  is  ncccfliry,  chat 
when  we  ufe  metallic  bodies  which  are  capable 
of  attacking  the  copper,  and  of  uniting  with  it, 
we  611  only  the  lower  part  A.  A,  B.  of  the  retort, 
below  the  folder.  The  fame  retort  may  be  ufcd 
frequendy,  and  needs  not  be  laid  afidc  till  the 
iron  be  burnt  and  reduced  to  fcales.  However 
attentive  the  workman  may  be,  yet  it  is  poffibic 
that  fome  fmall  imperceptible  holes  may  remain 
in  [he  folder,  through  which  the  air  may  be  in- 
troduced j  the  method  of  difcovering  them  is 
to  pour  a  fmall  quantity  of  water  into  the  retort, 
and  to  Ihake  u  about  till  the  inner  furface  be 
totally  moiftcncd,  on  blowing  through  the  aper- 
ture E.  the  hole,  if  there  be  one,  is  announced 
by  a  fmall  bubble  of  water  which  is  perceived 
and  points  out  the  flaw. 


However  tedious  thefe  preliminaries  may  fcem, 

they  will  be  eallly  judged  indifpenfibly  ncccffarf 

for 
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for  underftanding  the  following  experiments ; 
and  I  chofe  to  begin  with  them  that.  I  might  leb 
interrupt  the  attention  of  my  reader. 


EXPERIMENT    11. 

To  REDUCE  Lead  bv  the  Fire  of  Fdhnaces, 
IK  AN  Apparatus  proper  for  measuring 

THE  QirAMTITV  OfElaSTIC  FlUID  SEPARATED. 


IN  the  iron  retort  A.  fig.  loth.  were  placed 
fix  ounces  of  minium,  and  fix  drachms  of  pow- 
dered charcoal,  pafled  through  a  hair  fieve.  Ic 
will  foon  be  feen  that  this  quantity  of  charcoal 
is  much  more  than  ful£cient  10  produce  the  rc- 
duftioni  but  one  circumflancc  makes  this  pro- 
pojiion  nccelTary  when  iron  retorts  arc  ufed  i 
for,  then,  the  lead,  after  its  redu&ion,  remains 
in  fmalt  (hot  which  are  mixed  with  the  powdered 
charcoal,  and  are  eafily  taken  out  of  the  retort ; 
whereas,  on  the  contrary,  when  only  ju(l  the 
neceflary  quantity  of  charcoal  is  ufed,  the  lead 
forms  into  a  mab,  and  if  it  be  melted  again,  in 
X  3  order 
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onjkr  to  get  it  out^  thpre  is  danger  that  fonoe 
part  of  it  inay  unite  with  die  ibl^er^  oj  Tome 
littk  <^  it  may  adhere  to  the  retort.  Thefe  in^ 
conveniences  are  avoided  bv  ufing  an  over  pro- 
poruon  of  charcoal 

I  LUTBDt  accurately,  in  the  manner  above  re- 
late;^,  the  retort  A.  to  the  receiver  G.H.  The 
water  wa$  railed  to  Y.  Y.  and  a  covering  of  oil 
vat  introduced  on  the  furface  of  it.  When  eve- 
ry tbing  was  thus  difpofed^  I  left  the  apparatus 
in  the  fame  (late  till  the  following  day  chat  I 
might  be  fure  the  air  did  not  penetrate  on  ei- 
ther fide.  I  then  marked  the  length  of  the  wa- 
ter at  Y.  Y.  with  a  flip  of  paper,  and  lighted 
feme  charcoal  in  my  furnace. 

■ 

.  In  proportion  as  the  veflels  were  heated,.^fhe 
air  which  they  contained  was  rarefied,  anc^  t'he 
water  defcended  accordingly ;  but  this  efFed  had 
its  limits,  and  after  fome  time,  the  rarefaction 
abated,  and  the  water  continued  a  while  nearly 
ftationary.  When  the  fire  came  to  be  fo  much 
raifcd  as  to  make  the  bottom  of  the  retort  red- 
hot  \  the  water  began  fuddenly  to  defcend,  al- 

moft 
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moft  vifibly,  at  [he  rate  of  14  or  13  cubic  inch- 
es in  the  minute ;  at  kngth  che  feparntion  aba- 
ted, and  when  ic  was  entirely  ccafed,  I  put  out 
the  fire  and  fuffcrcd  the  vcffcts  to  cool  perftftly. 
The  air  contained  in  the  receiver  n.H.o.e.  pre- 
lendy  condented  as  it  cooled,  and  the  water  roie 
again.  When  it  was  quite  fixed,  I  marked,  wiili 
a  nip  of  paper  the  place  at  which  it  fiopped ; 
and  1  left  the  veflels  in  the  fame  (late  fur  4S 
hours,  without  any  lenfible  difference  enfu- 
ing  in  the  height  of  the  water;  the  thermome- 
ter in  the  laboratory  was,  at  this  time,  at  15 
degrees  and  the  barometer  at  28  inches  i'^  tine. 

Nothing  now  remained  but  to  determine  tlie 
quantity  of  cubic  inches  contained  between  the 
two  (lips  of  paper,  and  this  I  did  in  two  difierenc 
ways.  ift.  By  dctennining  from  exadl  mcafurc 
and  calculation  the  folid  contents  of  the  cylin- 
fier.  adly.  By  filling  the  iniermediaie  fpacc, 
between  the  two  Hips  of  paper,  with  water,  and 
then  determining  the  weight  and  volume  of  this 
water.  The  two  methods  afTordcd  nic  cxa^lljr 
the  Dime  rcfults,  and  the  quantity  of  elaltic  fluid 
feparucd,  was  found,  from  boili,  to  be  ^60  cu- 
X  4  bic 
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bic  inches.  The  quantity  of  lead  rcfulut^  fraoi 
this  rrduJfVion  was  about  ^  of  a  cubic  inch} 
vhence  ic  follow?,  that  calx  of  lead  contains  a 
quantity  of  daftic  fluid  747  times  the  bulk  of 
ilie  metal  which  was  ufed  to  form  it.  When 
(he  vefTcls  were  unlutcd,  1  (hook  the  retort,  and 
poured  out  the  lead  1  it  was  in  grains,  mixed 
Vfith  a  confiderablc  quantity  of  powdered  char- 
coal. Having  examined  it  carefully,  I  could 
oot  Bnd  any  portion  of  the  minium  unreduced. 
The  weight  of  the  rcfiduum  was  5  ounces  7 
drachms  66  grains.  The  experiment  was  fre- 
quently repeated,  and  the  ctrcumftances  < 
always  exadly  the  fame. 


The  weight  of  the  ingredients  employed  in  this 
experiment  was,  before  the  rcdufiion,  fix  ounces 
Gx  drachms ;  after  that  procefs  it  was  no  more  than 
Bve  ounces,  fcven drachms  and  fixcy  fix  grains;  and 
therefore  the  lofs  of  weight  was  fix  drachnw  and 
fix  grains:  but  ihequantity  of  eladic  vapour  fcpa- 
rated  was  only  five  hundred  and  fixty  cubic  incbc& 
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and  an  equal  bulk  ofatmofpheric  air  fhould  orHy 
have  weighed,  that  day,  three  drachms  and  forty 
one  grains.  It  is  true  that  there  is  every  rcafon 
to  believe  that  the  elafttc  fluid  from  metallic  re- 
duflions,  which  is  the  fame  as  that  from  efFcr- 
vefcence,  as  I  fhall  demonflrate  in  the  fequel, 
is  heavier  than  atmofpheric  air  :  it  has  alfo  been 
feen  (Chapter  I.)  that  its  gravity  may  be  efti- 
mated  at  AVs  the  cubic  inch ;  but  even  from 
this  reckoning,  560  cubic  inches  of  claftic  fluid 
fliould  only  weigh  four  drachms,  thiny-four 
grains,  and  there  would  ftill  be  a  dcBcicncy  in 
weight  of  one  drachm,  forty-four  grains. 

Some  drops  of  phlegm  which  I  conllantly 
found  in  the  receiver  GH,  fig.  loth.  in  all  the 
rednftions  of  the  calces  of  lead  which  I  have 
made,  induced  me  to  fufpefl,  that,  independant 
of  the  claftic  fixablc  fluid,  there  cxiftcd  a  portion 
of  water  in  the  minium-,  that  it  was  rcp.-tra(ed 
during  the  reduftion,  and  that  this  wi\  probabljr 
thecaufeofibe  lofs  of  weight  which  I  had  ob- 
fcrvedi  but  as  the  receiver  GH,  fig.  loth.  was 
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too  fmall  to  condenfe  ihc  vapours  fufficiently,  it 
was  thought  proper  to  repeat  the  experiment 
with  a  common  apparatus  for  diftillation,  < 
ploying  1  larger  receiver. 


EXPERIMENT    III. 

To    DETERMINE     THE    QuANTITV    OF    WaTEB, 
WHICH    IS    SEPARATED     IN    THE    ReDUCTIOM 

OF  Minium  by  powdered  Charcoal. 

THE  fame  quantities  of  minium  and  charcoal 
were  ufcd  in  this  experiment  as  inthelaft:  the 
receiver  had  a  fmall  hole  drilled  tnio  it,  which 
I  was  obliged  to  leave  open  during  the  Qperation. 
The  elaftic  fluid  was  feparated  with  a  hiOing 
noife,  and  at  the  beginning  of  the  redu^Sion 
fome  little  water  paflcd  into  the  receiver.  The 
weight  of  this  water  did  not  exceed  twenty-four 
grains;  it  was  an  iniipid  phlegm,  not  feeming 
to  diftcr  from  diftilled  water. 


Though  the  rcfult  of  this  experiment  od 
yielded   twcoty-four    grains   of  phlegm,    it  it 
however 
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however  probable  that  more  was  difcharged,  and 
that  one  part  of  it  was  carried  oflF  by  the  current 
of  elaftic  fluid,  and  diffipated  in  vapours  through 
the  perforation  in  the  receiver.  Again  it  is  pro<- 
bable  that  the  elaftic  fluid  difengaged  from  mi- 
nium may  be  fomething  heavier  than  that  from 
effcrvefcence,  and  it  is  very  probable  that  to  one 
of  thefe  two  caufes  we  may  attribute .  the  defi- 
ciency in  weight  remarked  in  Experiment  II. 

I  PROPOSED,  in  order  to  clear  up  this  point, 
immediately  to  determine  the  relative  gravity  of 
the  different  elaftic  fluids  difchargcd  from  dif- 
ferent fubftances,  and  to  compare  them  with  the 
air  of  the  atmofphere  :  but  the  different  appara- 
tuses, neceffary  to  complete  this  objeft,  not 
having  been  procured  in  time,  I  thought  it 
would  not  be  right  to  defer,  on  that  account, 
the  publication  of  this  work;  befldes,  I  fhall 
have  occafion,  more  than  once,  to  recur  to  this 
point. 

The  quantity  of  powdered  charcoal,  employ- 
ed in  Experiment  II.  was  fix  drachms ;  the 
quantity  of  elaftic  fluid  obtained  in  the  redudtion 

di4 
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did  not  «cced  four  drachms,  or  four  and  a  half 
at  the  moft.  The  weight  of  the  elaftic  fluid  fc- 
parated  was  then  much  Ms  than  that  of  the 
charcoal  employed  j  and  it  may  be  objefled  that 
the  quantity  of  elaftic  fluid,  which  was  difchar^- 
ed,  might  as  well  come  from  the  charcoal  as 
from  the  metallic  calx.  To  obviate  this  objeo 
tion,  I  made  the  following  experiment. 


EXPERIMENT    IV. 

f  To  SEPARATE   PROM  THE  Lead    the    PoRTtOH 

or  Charcoal  which  remains  ArreR  ths 
Reduction. 


THE  rcfiduum  of  Experiment  II.  was  placed^ 
in  an  iron  ladle  i  we  may  recoiled  diat  it  was 
compofcd  of  granulated  lead  and  powdered 
charcoal,  and  its  weight  was  five  ounces,  kvcn 
drachms,  fixty-fix  grains.  As  foon  as  the  char- 
coal powder  began  to  heat,  it  lighted  and  gra- 
dually confumed,  .-iftcr  which  there  only  remain- 
ed a  lump  of  lead,  and  ;i  little  calx  of  the  fame 
metal  which  had  formed  anew  during  the  burn- 
ing 


I 
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ing  of  the  chsrcoal.  The  whole  of  the  lead  to> 
gethcr  weighed  Rearly  five  ounces,  three  drachniSj 
twelve  grains ;  I  fay  nearly,  bccaufc  if  ihe  ope- 
ration be  not  quite  Baithed,  a  fmall  portion  of 
charcoal  remains  unburned  -,  on  the  other  hand 
again,  if  it  be  carried  too  far,  one  part  of  the 
lead  is  recalcined  and  augments  the  weight. 
This  circumftance  occafions  an  uncertainty  in 
the  refult  of  about  twelve  grains  ■,  and  it  is  by 
repeating  the  experiment  feveral  times,  and  ad- 
hering to  the  leflcr  weight,  that  I  have  fixed  it 
fuch  as  it  is  here. 

It  appears  from  this  experiment,  ifi-.  That 
the  relative  weight  of  lead  to  that  of  minium  is 
five  ounces,  three  drachms,  twelve  grains,  ta 
fix  ounces,  viz.  that  with  loo  pounds  of  lead, 
III  pounds  ID  ounces  of  minium  may  be  made, 
or,  which  is  Hill  the  fame  thing,  that  lao  pounds 
of  minium  contain  89  pounds  9  ounces  of  lead, 
adly.  That  the  5  ounces  7  drachms  66  grains, 
remaining  in  the  retort,  Expenmenc  II.  after  the 
redudion,  was  compofcd  of  5  ounces.  3  drachma 
iz  grains  of  kad,  and  of  4  drachms  54  grains 
of  charcoal.    So  that  only   i  drachm  18  grains 
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of  charcoal,  had  been  actually  employed  in  the 
redu6tion :  but  the  quantity  of  elaftic  fluid  dif- 
charged  in  Experiment  II.  placing  it  at  the 
lowed,  weighed  at  lead  3  4-  drachms ;  it  could 
not  therefore  be  fupplied  by  i^  drachm  of  char- 
coal, and  confeqaently  it  mud  neceflarily  be  at 
the  expence  of  the  minium,  that  the  greater  part 
of  the  elaftic  fluid  was  fumiflied. 

'  Notwithstanding  the  concluflvenefs  of  this 
experiment,  I  was  not  yet  fatisfled,  and  I  thought 
it  requifice  to  attend  particularly  to  the  examin- 
ation whether  charcoal  alone  would  not  yield, 
IB  the  fame  degree  of  heat,  an  elaftic  fluid  fimilar 
to  that  which  I  bad  obtained  in  the  redu£lion  of 
minium.  This  is  the  objeft  of  the  following 
experiment. 


EXPE- 
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EXPERIMENT     V. 

To  CALCINE  POWDERED  ChARCOAL  ALONE,   fN 

A  STRONG  Fire,   and   in  an  Apparatus 

PROPER    FOR    measuring  THE  QUANTITY  OF 

Elastic  Fluid  separated  from  it. 

I  CAUSED  a  new  gun-barrel,  well  cleaned 

within,   to  be  bent,    and  the  touch  hole  and 

• 

breech  flopped,  and  each  covered  with  a  piece 
of  iron,  foldered  hot  to  it,  that  I  might  be  cer- 
tain that  the  external  air  had  no  admifTion  into 
it.  Two  drachms  of  the  fame  bake-houfe  fuel 
powdered  (Experiments  I.  and  II.)  were  thei> 
introduced,  and  it  was  adapted  to  the  apparatus 
of  fig.  loth.  in  which,  on  this  occafion,  I  was 
obliged  to  make  fome  trifling  changes,  which  it 
is  unnecefTary  to  relate :  I  then  luted  all  the 
junftures,  very  exaftly,  in  the  ufual  manner  > 
the  water  in  the  receiver  »NOO  was  railed  and 
covered  with  a  thin  bed  of  oil  -,  and  when  I  was 
certain  that  the  air  could  not  penetrate  either 
way,  I  marked  the  height  of  the  water  y  y.     I 

then 
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then  made  a  brifk  fire  round  the  gun -barrel, 
kept  it  for  an  hour  in  a  white  heat. 

The  air  was  rarefied  at  firft  as  ufua],  and  the 
furface  of  the  water  funk  proportionably  ;  but 
after  the  fire  was  extinguilhcd  it  reafcendcd  by 
degree!,  and  when  the  gun-barrel  was  quite 
cold,  it  returned  nearly  to  the  point  from  which 
it  began  to  move.  The  produdt  of  air  was  only 
thirteen  cubic  inches,  which  in  two  days  was  re- 
duced to  eight  inches.  The  powdered  charcoal 
being  weighed,  at  the  conclufion  of  this  experi- 
ment, had  loft  but  fix  grains,  and  it  is  even 
probable,  that  fome  of  it  ftill  adhered  to  the 
gun-barrel. 

The  fire,  in  thisprocef*,  was  infinitely  ftrong- 
CT,  and  continued  for  a  much  longer  time  than 
is  neceflary  for  the  reduftion  of  the  calx  of  lead, 
yet  the  produd  of  air  was  very  fmall ;  and  there- 
fore the  air  obtained  in  Experiments  I.  and  II. 
was  not  merely  the  cffeft  of  the  calcination  of 
the  charcoal,  but,  on  the  contrary,  was  produced 
by  the  reduction. 


I  mat; 


1  HAVE  before  obfcrved.  that  I  had  made  ul'e 
of  a  new  gun-barrc)  which  had  been  well  cleaned 
on  the  infide,  in  this  cxperimcnc,  and  this  cir- 
curoftance  is  worthy  of  remark,  for  the  pheno- 
mena are  very  different,  when  a  gun-barrel  is 
employed  which  is  rufty  within.  In  thai  cafe  wc 
procure  a  little  water,  and  a  greater  produdion 
of  cUftic  fluid  in  proportion  lo  the  ruftinefs  of 
the  barrel ;  but  it  is  evident  from  the  lafl:  expe- 
riment, that  ihefe  products  belong  to  the  calx  of 
the  iron  which  is  reduced,  not  to  the  charcoal. 
Ic  has  fomeiimes  happened  that  [  have  obtained 
from  So  to  loo  cubic  inches  of  elaftic  fluid  with 
a  very  ru%  gun-barrel,  tlie  firfl  time  ic  has  been 
ufed,  I  here  only  mention  this  experiment,  rc- 
ferving  the  different  accounts  relative  to  it  to  s 
future  opportunity. 


It  might  perhaps  be  fufpefted,  that  the  gun- 
barrel  which  1  employed  in  Experiment  V. 
though  new  and  well  cleaned,  might  yet  contain 
fomc  ru(l>  and  that  the  reparation  of  the  eight 
inches  of  claltic  fluid,  which  1  obferved,  might 
be  owing  to  this  circumRance  t  but  I  wa&  coji- 
vioecd  to  the  contrary,  by  repeating  this  experi- 
Y  tnent 
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flicnt  with  thtf  fame  bacrd  ud  fMh  duuncA^ 
It  is  plain,  tbae  if  die  elaftk  Avid  had  been  pr^ 
ducedy  in  die  fiornier  expeiimeDt,  by  tbe  rcdue* 
rion  of  the  iMn  of  the  barrciy  that  feparacioo 
coidd  not  take  plaee  in  die  latter.  Hocwevei^ 
die  quantity  of  elalkic  fluids  this  h&  time^  proved 
n  he  twelve  inches  at  leaft,  which  was  fomth 
diing  greater  than  at  firfti  from. whence  it  fcema 
dmonftrated  thac  the  fiparatioR  is  to  be  plaood 
1m  the  Account  of  the  charooak 

The  diminution  of  weight,  in  this  experioient^ 
was  eight  grains. 


EXPERIMENT    VI. 

The   Reduction   of   Minium   in    j^ 

Gun -Barrel. 

FOUR  ounces  of  minium  were  mixed  with* 
the  fame  charcoal  which  was  lb  (Irongly  calcined 
in  the  preceding  experiment,  and  the  whole  put 
into  the  lanic  gun-barrel  which  had  been  ufed  ia 
the  two  former  calcinations.  It  was  then  adapted 

to 


IN  METALUC  CALCES.        323 

to  (he  apparatus,  fig.  loth.  and  all  was  dlfpo&J 
in  ibe  fame  manner  as  in  Experiment  V.  after 
>  which  the  fire  was  kindled. 


Whkn  the  gun-barrel  began  to  be  obicurely 
red,  the  difchargc  of  claftic  fluid  was  (o  very 
rapid,  that  the  water  dcfccnded,  perceptibly,  in 
the  receiver  mNOO.  fig.  10th.  The  difchargc 
being  finilhcd,  I  continued  to  raifc  the  6re,  but 
the  wuer  did  not  fall  fenObly  lower.  When  (he 
vcffcls  were  grown  cold,  I  meafured  the  quantity 
of  elaftic  fluid  which  was  feparated,  and  found 
k  to  be  j6o  inches,  or  in  the  proportion  of  90 
inches  for  each  ounce  of  minium.  It  has  been 
fecn  above.  Experiment  III.  tliat  fix  ounces  of 
minium  had  yielded  a  dil'charge  of  claltic  fluid 
of  560  cubic  inches,  which  is  fomcihii^  more 
than  93  inches  for  each  ounce ;  from  whence  it 
U  evident  that  the  rcfults  of  ihcfc  two  experi- 
ments agree  almoft  pcrftiftly.  As  in  the  opera- 
tion of  which  1  have  here  given  an  account, 
the  charcoal  was  ftrongly  calcined  a  fecond  time, 
before  ii  was  mixed  with  iIk  minium,  the  refults 
of  this  experiment  fliould  fecm  to  defcrvc  more 
reliance  than  chufe  of  Experiment  III. 

Ya  It 
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It  appears  to  be  proved  from  thcfc  expicrr-* 
inencs,  that  it  is  by  no  means  the  charcoal  alone 
that  produces  the  difchargc  of  elaftic  fluid,  ob« 
fervcd  in  Experiments  L  and  II.  neither  is  it  the 
minium  alone,  fince  after  Dr.  Hales's  experi- 
ments (fee  page  25)  it  affords  but  a  very  fmaU 
portion  of  air ;  the  greater  part  of  elaftic  fluid 
which  is  detached,  ariies  from  the  union  of  the 
powdered  charcoal  with  the  minium.  This  laft 
bbfervation  leads  us  inienfibly  to  very  important 
obfervations  on  the  ufe  of  charcoal,  and  fuck 
kind  of  fubftances  in  general,  in  the  reduAion 
of  metals.  Do  they  ferve,  as  the  difciples  of 
Mr.  Stalh  think,  to  reftore  to  the  metal  the 
phlogifton  which  it  has  loft  ?  Or  rather  do  thefe 
fubftances  enter  intp  the  compofuion  of  the 
elaftic  fluid  ?  This  is  a  point  which,  in  my 
opinion,  the  prefcnt  ftate  of  our  knowledge  does 
hot  permit  us  to  decide. 

If  it  were  permitted  me  to  indulge  in  conjec- 
tures, I  fhould  fay,  that  fome  experiments, 
which  are  not  fufHciently  complete  to  fubmit  to 
public  infpeftion,  induce  me  to  believe,  that 
every  elaftic  fhitd  refults  from  the  combination 

of 
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of  Tome  folid  or  fluid  body  wich  the  inflammable 
principle,  or  perhaps  even  with  the  matter  of 
pure  fire,  and  thai  on  this  combination  the  ftate 
of  cUfticity  depends.  I  fhould  add  that  the 
fubftance  fixed  in  metallic  calces,  and  which 
augments  their  weight,  would  not  be,  properly 
fpeakingf  on  this  hypothefis,  an  claftic  fluid, 
but  the  fixed  part  of  an  elaflic  fluid,  which  has 
been  deprived  of  its  inflammable  principle.  The 
principal  aftion  of  charcoal,  and  all  other  fub- 
ftances  of  that  nature  employed  in  rcduftions, 
would  then  be,  to  reilore  the  phlogiflon,  or 
matter  bf  fire,  to  the  fixed  elaflic  fluid,  and 
with  it  the  elafliciry  which  depends  on  it. 

However  different  this  opinion  may  feenj  to 
be  from  that  of  M.  Stalh,  it  yet  perhaps  is  not 
incompatible  with  it.  It  is  pofiiblc  that  the  ad- 
dition of  charcoal  in  the  rcdufiion  of  metals  may 
anfwer  two  purpoies  at  once-,  ift,  That  of  re- 
floring  to  the  metal  the  inflammable  principle 
which  it  has  lofl: :  adiy,  That  of  rcftoring  lo  the 
fixablc  clalHc  fluid  in  the  metallic  calx,  die  prin- 
ciple which  conftitutes  its  cUfticity.  But  I  re- 
peat  it  again  that  it  is  with  great  caution,  that 
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in  o^ion  on  1o  defiduic^  b  difficuk  a  fubjeft 
iliookl  be  luuEardeds  i  fiilgoft  which  is  veiy 
marljr  cottMAed  with  OM  ftiH  more  obfcurc; 
I  mftan  the  nature  of  the  dements  themfeives^ 
or  at  kaft  of  what  wft  rfqgard  aa  eletnents.  Time 
and  ezprrioient  alone  can  fettle  our  opinions  on 
theft  points. 


mi^mmmt^^ 


C  H  .A  P  T  E  R     VI, 


Of  the  combination  of  ELASTIC 
FLUID  WITH  METALLIC .  SUBST AN. 
CES  BY  CALCINATION. 


I  HAVE  hitherto  proved  the  exiftence  of  an 
elaftic  fixable  fluid  in  the  metallic  calces,  only 
by  the  reparation  which  takes  place  in  the  nioment 
of  reduflion.  Though  the  experiments  1  have  rela- 
ted might  appear,  in  this  refped,  of  fuch  a  nature 
as  not  to  leave  any  doubts  it  muft  neverthe- 

lefs 
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lefs  be  confefled ;  that  convidion  in  phyfics  is 
ortljr  produced  in  as  much  as  we  arrive  at  tlie  fame 
point  by  different  roads. 

I  THEREFORE  Intend  to  (hew  in  the  courfc  of 
this  chapKr,  that  as  whenever  a  metallic  calx 
pafles  from  that  (late  to  that  of  a  metal  there  is 
a  difcbarge  of  elaftic  fluid,  fo  alfo  whenever  a 
metal  pa(res  from  its  mcEallic  (late  to  that  of  a 
calx  there  is  an  abferptten  of  the  fame  fluid, 
and  chat  the  calcination  is  nearly  proportionable 
(o  this  abforpcton. 

EXPERIMENT    I. 

-TrB    CALCINATIOM    op    LCAD»    BY    A    BDRKIKG 

Glass,  undsr  a  Glass  Receiver  invert- 
ed IN  Water. 


THREE  drachms  of  fheet  lead  were  plact-d 
in  the  apparatus  rcprcfcntcd  fig.  8th.  and  cxpdfi  d 
to  the  focus  of  one  of  Tchirnaufcn's  large  burn- 
ing gtaHes  of  33  inches  diameter^  the  fame  as 
Y4  w« 
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ma  mehtfoMd  above.  '  TU)  ftcm  4f  this '  Id^ 
wn  cootnified  and  rtade^boMtr^  ineu*  of  * 
iecond  which  had  been  wSSM^  Ht'^'^SakijiAii  di& 
tance.  A  piece  of  hard  flone^.  fuch  as  is  ufed 
to  pave  the  ftteeis  of '  Plrii/^^feftwa  to  flipport 
the  lead ;  ic  was  hollowed  itt^tHfe  Inidde  ti^  pitU 
irent  die  metd  from  %i|^^-iHM^Ut  Irak 

•        ■ 

^   The  lead  flowed  at  the  iribrilrit^^^^ 

to  die  ibcus ;  foon  after,  H'-^HtB^ ^"MpAdf  b6- 

gan  CO  rife  which  collefted  on  the  fides  of  the 
receiver,  and  formed  a  yellowiih  fediment.  Ac 
che  fame  tjme  chere  ^as  formed  Qn  (he  furface 
of  (he  lead  a  thiti  ftratum  of  calx,  which  as  the 
calcination  proceeded,  became  of  a  yellow  maf- 
ficoc  colour.  Thefe  different  efieds  were  pro- 
duced during  the  Qrfl;  five  minutes;  after  which, 
having  continued  to  keep  the  lejid  exaAly  in  the 
focus,  I  beheld  with  furprife,  that  the  calcinati- 
pn  did  not  proceed.  I  perfiftcd  in  the  purfuic 
of  this  experiment  for  half  an  hour,  without  perr 
ceiving  chat  the  ftratum  of  calx  which  had  form- 
ed on  the  lead,  was  in  the  leaft  increafed.  Ic 
may  be  infiagined,  that  the  air  contained  in  the 

receiyq: 
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receiver  muft  be  much  heated,  and  that  from 
its  rarefaflion  it  muft  have  lowered  the  furface 
of  the  water  G.H.  but  in  proportton  as  the 
vefiels  cooled,  itre-afcended,  and  when  the  whole 
apparatus  was  returned  to  the  fame  degree  of 
temperature  as  before  the  operation,  a  diminu- 
tion of  about  icvcn  cubic  inches  was  perceived  in 
the  volume  of  the  air. 


The  lead,  having  been  withdrawn,  was  found 
as  malleable  as  before  the  operation,  except  the 
IiEile  coat  of  calx  adhering  to  it,  which  was  ex- 
ceedingly final).  It  had  loH  nearly  half  a  grain  of 
its  weight,  but  it  was  evident  from  infpeifting 
the  yellow  Bowers  which  lined  the  dome  of  the 
receiver,  that  this  diminution  proceeded  from 
the  evaporation,  and  that,  by  adding  their  weight 
to  that  of  the  lead,  there  h/id  been  an  augtnen- 
tatton  of  feveral  grains: 
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EXPERIMJENT    IL' 

The  Calcination  of  Tin. 

TWO  drachms  of  tin  were  expofed  to  the  fo- 
cus of  the  fame  lens  and  under  the  fame  appa- 
ratus. The  calcination  was  ftill  more  difficult 
than  that  of  lead ;  the  metal  was  covered  with 

a  fmall  but  exceedingly  chin  coat  of  calx ;  and 
it  fumed  a  little.  The  operation  was  continued 
for  twenty  minutes,  and  yet  I  did  not  perceive 
that  the  calcination  had  made  any  progrefs. 
When  the  veflels  had  recovered  the  temperature 
at  which  they  were  before  the  experiment,  only  a 
very  fmall  diminution  was  found  in  the  volume 
of  air.  The  tin  having  been  weighed  again,  was, 
augmented  about  the  eighth  of  a  grain ;  it  alfo 
continued  as  malleable  as  before  the  operation, 
and  had  but  an  extremely  thin  covering  of  calx 
on  its  furface. 


EXPE. 
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EXPERIMENT    Til. 


The  CAtciKATiOM  or  a  mixtuke  of  Lead 
AMD  Tin. 


1  WAS  inclined  to  try  whether  the  calcination 
of  a  mixture  of  tin  and  lead  would  not  be  more 
eafily  performed  j  and  therefore  compolcd  an 
alloy  (^  equal  parts  of  lead  and  tin,  and  expofcd 
two  drachms  of  it  lu  the  focus  of  the  burning 
glafs;  (be  receiver  was,  at  mofl,  but  half  as 
Urge  as  thai  of  the  firll  experiment  of  this  chap- 
tcr,  and  was  only  5I  inches  in  diameter. 

The  mixture  fufed  immediately  (  many  white 
fumes  arofe,  part  of  which  adhered  to  the  top 
of  the  receiver,  and  part  were  dcpofilcd  on  the 
furface  of  the  oil.  The  operation  w.-is  continu- 
ed for  30  minutes  i  after  which  ihe  calcination 
appeared  much  more  advanced  than  in  the  for- 
mer experiments,  and  there  were  appearances 
like  vegetation  on  the  furface.  The  vcflcls  be- 
ing cooled,  a  diminution  was  found  In  the  bulk 


1 

era-     ■ 
,  and     1 
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of  the  air,  from  5  to  6  cubic  inches.  The 
ceiver  contained  a  great  quaoticy  of  Bowers, 
the  button  of  tin  and  lead  was  diminilhcd  4  grains, 
which  lofs  fecmcd  to  be  recovered  with  incre^e  in 
the  portion  which  was  fublimcd.  Though  the 
calcination  was  rather  farther  advanced  in  this 
than  in  the  preceding  experiments,  yet  the  great- 
er pare  of  the  mixture  was  ftili  malleable,  and 
ID  its  metallic  Aate. 

The  preceding  experiments,  though  they  con- 
ficm  thofe  of  Chapter  V.:lcft  me,  notwithftand- 
iog)  yet  diflatisfied  »  iftf'  Becanlc  the  furface 
of  the  oil,  confined  in  die  tkcdnr,  being  expo- 
fed  to  fo  coofiderable  a  degsee  of  Jieat«  might  poHl- 
bly  produce  air  during  the  calcination,  orelfemight 
'mhforbit:  2dl)r,  Bccaule  the  beat  of  cbe  focus 
being  too  violent,  it  voUtiliEcd  thb  lead  and  the 
fin,  in  proportion  as  they  were  ciUcined,  in  (b 
much  that  I  could  not  obuin  any  certain  refulc 
o£  the  increafe  of  weight  in  thefe  metals.  I  endea- 
voured to  remed/  both  thefe  inoHiveniences  in 
the  following  experinKnt. 


EXPE- 


WM^ 
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EXPERIMENT   IV. 


I 


The  Calcination  of  Lead  under  a  Glass 
Vessel  inverted  in  Quick-silver. 

I  MADE  ufe  of  an  apparatus  nearly  fimilar  to 
that  reprcfcntcd  by  fig.  8th.  it  differed  however 
from  it;  ift,  in  having,  inflcad  of  the  bucket 
or  ciftern  B  D.  C.  E.  a  ftrong-  earthen  glazed 
pan  :  idiy.  In  that,  indead  of  filling  it  with 
water,  I  poured  into  it  So  pounds  of  quick-fit- 
ver ;  and,  jdly.  That  inftead  of  the  receiver 
F.  G.  H.  I  fubftituted  a  glafs  cucurbit  wiih  a  flat 
bottom.  The  objeft  of  this  laft  alteration  was  to 
have  a  veHcl  of  the  fame  capacity  as  the  receiver, 
but  whofe  aperture  (hould  be  narrower,  that  lefs 
mercury  migfit  be  ufed.  Thefe  difpofuions  being 
made,  i  placed  on  the  column  1.  K.  a  itonc  crucible 
containing  3  drachms  of  lead:  the  crucible  was 
above  an  inch  in  diameter,  and  about  four  lines 
in  depth:  it  was  flat  at  the  bottom,  that  the 
metal  might  ptefent  a  larger  furface  to  the  fun's 
rayt.  I  afterwards  covered  the  whole  witii  the 
glal5 
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glafs  cucurbit  which  (crved  me  inftead  of  a  re- 
ceiver; the  mercury  was  raifed  by  the  fyphon, 
L.  M.  ashigh  as  G.  H,  and  the  point  parallel 
to  its  furfacc  was  carefully  marked  with  a  flip 
of  paper  which  went  a!moft  round  the  vcfl'el ; 
and  laftly,  I  prefented  the  whole  apparatus  to 
the  great  burning  lens,  obterving  that  the  lead 
was  a  full  inch  from  the  true  focus,  and  that  the 
beat  was  not  much  greater  than  that  neccflarj 
to  melt  it. 

At  tlw  very  inftant  that  the  lead  melted, 
though  it  was  taken  out  of  the  centre  of  a  large 
piece,  though  it  was  bright  on  every  fide,  and 
had  not  the  leaft  appearance  of  foulnefs,  a  pelli- 
cle immediately  formed  on  its  furface.  In  the 
progrcts  of  the  calcination  this  pcllicJe  became 
of  a  yellow  maflicot  colour,  and  wrinkled  on 
the  Gde  towards  the  meridian  j  after  which,  at 
the  end  of  ten  or  twelve  minutes,  the  calcinatioo 
flopped,  and  no  farther  effeft  was  obfcrvedj 
only  it  happened  that  at  thofe  inftams  when  iha 
heat  was  a  little  ftronger,  the  yellow  pellicle 
fufcd  in  fonie  places,  and  formed  a  yellowiOi 
glafs  V  from  the  portions,  thus  Titrelicd,  fuam 
•roft.i 
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arofe  plentiftrily,  which  tarntflied  the  top  ef  ite 
cucurbit  I  oppelbd,  as  much  as  poffiblcy  the 
evaporation,  by  removing  the  lead  farther  and 
farther  from  the  true  focus  of  the  lens. 

Thb  lead  wm  thus  cxpaStA  tt  the  aftion;  wi 
dielarg^ burning  glafi  for  one  hour,  fortf^fiw 
minutes;  but  »,  dtiring  thk  period,  the  ftuK 
was,  at  times,  obfcured  by  fmall  clouds,  we 
cannot  reckon  on  more  than  an  hour  and  fifteen 
minutes  of  real  effeft. 

The  operation  being  finiflied  mA  the  veflbls* 
perfedly  cooledi^  the  forface  of  the  mercury  was 
found  to  have  afcended  two  lines  and  half  above 
its  former  level.  The  diameter  of  the  cucurbit 
was,  itk  this  place,  4  A  inches,  which  makes 
the  quantity  of  air  abforbed  to  be  ^^  cubic 
inches.  The  lead  having  been  carefully  fepa^ 
rated  from  the  crucible,  weighed  3  drachma 
x^  grain  :  I  eftimated  the  yellowiih  vapours  ad- 
hering to  the  fidts  of  the  cucurbit  at  about  ^  o£ 
a  grain ;  the  total  increafe  of  weight  in  the  cal-. 
cination  had  been,  then,  li  grains,  viz.  ^  of  a 
grain  for  each  inch  of  air.    It  refults,  therefore, 

that 
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diat  the  quandcy  abforbed  is  exaftty  proportion- 
ate to  the  augmentation  in  weight  of  the  metallic 
ealx. 

The  void  fpace  of  the  cucurbit,  or,  in  other 
words,  the  volume  of  air  in  which*  the  calcination 
was  made,  was  75  cubic  inches;  fo  that  the  ab- 
forption  was  precifely  a  twentieth. 

EXPERIMENT    V. 

The  Effect  of  Air  in-which  Lead  has 
been  calcined,  on  bubnino  bodies. 

I  CALCINED,  as  in  the  laft  experiment, 
and  in  the  fame  apparatus,  three  drachms  of 
fcad.  The  operation  being  finiflied,  turning 
the  cucurbit  FGH.  fig.  8th.  briflcly,  I  placed 
it  with  its  mouth  uppermoft,  and  immediately 
introduced  a  wax  candle.  It  burnt  tolerably 
well  juft  at  firft,  but  it  began  infenfibly  to  lan- 
guifh,  and  it  was  extinguiflied  in  about  a  mi- 
nute. 

expe. 


METALLIC  SUBSTANCES.      337 

EXPERIMENT    VI. 
JThe  Effect  of  Air,  in  which  Metals  hav» 

BEEN  CALCINED,   ON  LiME-WaTER. 

THE  proccfs  was  condufted  in  the  fame 
[  manner  in  this  as  in  the  preceding  experiment, 
f  with  this  diHerence  only,  that  inllead  of  intro- 
f  ducing  a  candle  into  the  cucurbit,  I  poured 
libme  lime-water  into  it.  Its  mouth  was  then 
[  ftopped,  and  1  (hook  it  ftrongly.  The  lime-wa-' 
^  ter  acquired  a  flight,  but  fcarcely  perceptible '' 

turbid  appearance,    and   no   precipitation   ca- 

fued. 

It  is  evident  from  theic  two  experiments,  chac''4 
[  lir  in  which  metals  have  been  calcined,  is  no^  ' 

by  any  means,  in  the  (tme  ftaie  as  that  fcpara- 
*  ted  by  cfTervcfcence,  and  by  metallic  reduc- 
[  lions. 


EXPE 
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EXPERIMENT    VII. 

Tni^  Calcination  of  Iron  by  Means  op 

MOISTUKE. 

FOUR  ounces  of  iron  filings  were  put  intar 
a  glafs  veffel,  and  moiidened  with  a  little  diftiN 
Icd  watdr,  and  the  whole  covered  with  a  glafi 
receiver,  the  vacant  fpace  of  which  was  about 
206  cubic  inches.  No  fenfible  effcdt  was  pro- 
duced for  fome  days ;  the  fineft  particles  of  the 
iron  fwam  upon  the  fbrface  of  the  water  with- 
out being  reduced  to  ruft,  the  remainder  was  at 
the  bottom.  At  the  end  of  eight  days,  a  fmall 
quantity  of  ruft  was  formed,  and  the  volume  of 
air  was  diminifhed  fix  or  eight  inches,  in  fifteen 
days  fifteen  inches,  in  a  month  thirty-fix  inches, 
and  laftly,  in  two  months  the  diminution  amount- 
ed to  about  fifty  inches ;  at  this  period  the  ab- 
forption  ceafed  to  proceed,  for  at  the  end  of  fc- 
ven  months,  the  apparatus  continued  in  the  fame 
ftate,  and  the  abforption  had  not,  in  the  leafl 
degree,  increafed. 

It 
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It  appears  from  thde  experiments :  ift,  Thac 
the  calcination  of  metals  is  not  near  fo  eafily  per* 
formed,  when  they  are  confined  in  a  portion  of 
air  contained  in  a  glafs  receiver,  as  in  the  open 
air. 

2dly.  That  this  .calcination  is  alfo  limited  ; 
viz.  that  when  a  certain  portion  of  metal  has  beeq 
reduced  to  a  calx  in  a  given  quantity  of  air,  it 
is  impoflible  to  carry  on  the  calcination  farther 
in  the  fame  air : 

3dly.  That  in  proportion  as  the  calcination  pro- 
ceeds, there  is  a  diminution  in  the  volume  of  air, 
and  this  diminution  is  nearly  anfwerable  to  the 
augmentation  of  weight  in  the  metal : 

4thly.  That  by  comparing  thefe  faftswiththofe 
contained  in  the  preceding  chapter,  it  feems 
proved,  that  an  elaftic  fluid  is  combined  with, 
and  becomes  fixed  in  metals  during  their  calci- 
nation, and  that  to  this  fixation  their  augmenta- 
tion in  weight  is  to  be  attributed : 

5thly.  That  feveral  circumftances  would  fecm  to 

Z  2  lead 
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kad  to  a  belief,  that  the  whole  of  the  air  whicli 
we  breathe  is  not  adapted  to  be  fixed,  and  enter 
Into  combination  with  metallic  calces ;  but  that 
there  exifla  in  the  aimofphere,  an  t^Uftic  fluid  of 
a  particular  kind  which  is  mixed  with  die  air, 
and  that  it  is  at  the  inftanc  when  the  quantity 
of  this  fluid  contained  under  the  receiver  is  con- 
.  fumed,  that  the  calcination  can  no  longer  take 
place.  The  experiments  which  I  Ihall  relate  in 
Chapter  IX.  will  give,  at  leaft,  fome  degree  of 
probability  to  this  opinion. 

The  experiments  of  which  I  have  given 
account,  .would  appear  alfo  to  lead  to  the  two 
following  confcqucnces :  ift,  That  the  calcina- 
tion of  metals  cannot  rake  place  in  veflels  cbrely 
(lopped,  or,  at  leafl,  that  it  can  only  be  in  pro* 
portion  to  the  qurintity  of  fixable  air  which  is 
confined  in  them  :  adly.  That  in  cafe  the  cal- 
cination could  proceed  in  vertcls  dofcly  flopped 
and  exhauded  of  air,  it  (hould  then  be  without 
incrcafe  of  weight,  and  confequemly  with  cir- 
cumftanccs  very  different  from  thofc  obfer^'cd  la 
calcination  performed  in  air. 


I 
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The  irain  of  experiments  which  Mellieurs 
Darcet  and  Rouelle  have  announced  in  a  memoir 
infertetl  in  the  Journal  dc  Medicine  for  [he  month 
of  January  lall,  on  the  calcination  of  metals  in 
porcelain  veflcls  exaftly  (lopped,  will,  without 
doubt,  throw  great  light  on  this  fubjeift.  Per- 
haps this  calcination  may  be  no  more  than  a  fim- 
ple  privation  of  Phiogifton  in  the  fcnfe  which 
Stalh  meant.  However  ihi*  may  be-,  the  learn- 
ed cannot  but  exped  with  much  impatience  the 
publication  of  ihefe  experiments,  and  the  repu- 
twioo  wfaich  thefe  two  cbeniills  have  k>  jullly  ac- 
quired, iuiEcicndy  aofwcr  for  the  iccuracy  to  be 
expelled  In  them.  * 

C  H  A  P- 


*  I  MAD  not  Uk  lufl  knowledge  of  Dr.  I'/icillry'a  expc- 
rtiMoti,  whra  1  wu  employed  in  tko(e  rthiei  In  ihh  diap- 
ler.  He  hat  t^eired  with  me  »md  beiure  mc,  ai  hu  been 
Cetn  in  the  firit  put  of  this  work,  dut  a  dtrainutioB  in  the 
volume  of  air  wu  prodnccd  durinit  t^<^  calcinauon  ot  mc 
nil:  this  dim iantion  i«  lone  expaimeus,  mat  equal  li> 
',  and  even  lo  '  oflh?  bullc  of  air  wiudi  he  had  ei»p\oy- 
M.  AlthoDgh  1  have  nude  ufc  ot  a  leu,  the  Arongeft  of 
avf  known,  i  have  not  boen  ■!*!«  td  carry  it  to  abova  ^ 
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CHAPTER     Vn. 


3 


EXPERIMENTS    on    ELASTIC    FLUID 

DISENGAGED       FROM      EFFERVESCENT 

MIXTURES,    AND    FROM     METALLIC 
JiEDUCTIONS. 


HAVING  fhewn  that  eUftic  fluid  is  feparated 
very  plentifully  in  the  redu&ion  of  mi- 
pium,  it  remains  that  I  fhould  give  fome  cxpe- 
nments  on  the  nature  of  that  fluid,  andefpecially 
that 

In  the  dry  wty.  This  circumftance  induced  me  to  fufpeCl 
dut  the  eUAic,  fixable,  fluid  which  ii  ^ffafed'in  the  air 
ii,  periiapf,  more  abundant  in  it  at  one  time  and  in  one 
place  than  another;  that  tt  u  mixed,  in  greater  propordan, 
with  the  atmofpheric  air  in  inhabited  placni  u  oorlabora- 
toriet,  &c.  than  in  field],  gardeM,  aod  in  placet  in  genr- 
nl  where  the  air  ii  perpetatlljr  renewed.  Farther,  Dr. 
Prieftkjr  it  perfuaded  that  the  diminution  in  the  quantity 
pf  air  which  he  obfervcd,  proceeded  trom  a  fuperabundfnse 
of  Pfilogifton  which  ma  fappUed  to  it  by  the  calcination 
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thai  I  fhould  prove  its  perfe^  identity  with  that 
difengagcd  by  effervelcencc ;  but  previous  10 
entering  on  the  detail  of  experiments,  which  I 
fliall  adduce  in  proof  of  it,  it  may  be  necelTary 
to  proceed  hereto  fomc  preliminary  defcriptions. 

An  Apparatds  proper  roR  obtaininc  the 
Elastic  Fluid  from  Effervescing  Mix- 
tures AS  PORE  AS  POSSIBLE,  WITHOUT  MA- 
KINO  USE  OF  Bladders. 

THIS  apparatus  is  reprefcnted  fig.  i3ih. 
ACB  is  a  bottle  containing  about  two  pinct, 
tubulated 
of  the  mnil.  and  he  doct  not  lecm  to  hare  fufpeflcd  ■ 
due  ihc  calciaation  itfclf  wu  an  nbfurption,  ■  fixation  of 
cIaUic  fluid. 

*  At  ihn  [inw  Mr.  tmHa  wrote  thcA  oMcrvMiooi,  bE  tud  only 
ften  Dt,  PrieiUejf'i  memoir  publilhcd  in  the  Phlto^opliinl  TnnfaffU 
oiM  i  iliefc  two  (ie»t  phllofophBri  lean  it>  have  miiie  the  rflfioveiy  ol 
ihi  c*afe  of  Ihc  Inert*!*  in  the  wwghi  of  mauUic  citce*,  nurlf  abmi 
(hi  («ni  lime.  Their  '<**«  hoih,  nnec  tbtit  rdpeOk-c  pubilutiont, 
been  employed  In  ihe  farther  purfvit  U  itiefo  iefnrc)>c>,  and  I  hepe 
to  he  fnibkd,  to  add,  hy  wtj  of  appcoaix  to  thli  lunnstion,  an  *c- 
count  of  ihdt  difMita^a.  Mr.  L*t<ader  h«t  alKjdy  puUtnied  i  me. 
nwir  on  Hiit  fubjeC^  in  >  periaOicil  wurli,  of  wliirh  M.  V  Abhc 
Holier  if  ihc  editor,  cniiilcil  Obfervationt  Tut  li  ThyrKjue,  Air  I'  Hif- 
toirt  NkturelW  et  fat  In  Aiti :  and  1  ha«(  the  plufurs  10  And  thit  ■ 
fccond  Tohinie  of  Dr.  Ptitftlejr'i  Experiment*  mi  Obtef»«i<«»  *p 
Ale,  canpinlaj  ihe  molt  Iniporuni  difcincrici  en  iliit  {iihjtO,  li  la 
the  ptrf»,  and  in  |nat  forwardnel'i.    T.  H. 
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tubulated  at  E,  the  fame  of  which  a  di;fcriptj<li 
has  been  given  above,  fig.  4th.  As  much  chalk, 
in  grofs  powder,  is  to  be  put  into  it  as  will  fill 
tt  up  to  about  a  third,  or  at  moft  one  half  of  its 
capacity,  and  then  the  funnel  G  is  to  be  luted 
to  it  in  the  fame  manner  as  in  lig.  5th.  and  7ih. 


Again,  the  bottle  0  is  to  be  filled  with  pure 
water,  inverted  into  an  earthen  bucket,  VVFF, 
alfo  full  of  water,  and  pUced  on  a  wooden  Hand 
or  trivet,  perforated  in  the  middle,  and  weighted 
with  lead  to  prevent  it  from  floating.  The  coni- 
municaiion  between  the  bottles  A  and  O  is  to 
be  procured  by  means  of  the  two  bent  tubes,  E I 
andTXLM. 

SS  is  a  tube  which  is  fitted  by  friftron  with 
great  cxadncfs  to  two  other  tubes  IE  and  TX. 
The  tube  SS  has  a  cock  at  R,  which  may  be 
opened  or  fhut  at  pleal'urc. 


When  all  the  junflures  arc  exafily  fecured 
with  the  fat  lute  covered  with  moiftcned  blad- 
ders, as  much  dilute  vitriolic  acid  is  to  be  intro- 
duced into  (he  bottle  A,  by  means  of  the  funn 
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G,  as  is  fufficient  to  produce  a  quantity  of 
eliftic  fluid,  at  leaft,  capable  of  filling  the  va- 
cant fpacc  in  the  veflcls,  and  of  driving  off  the 
common  air  which  they  contain.  This  being 
done,  the  mouth  of  the  funnel  is  to  be  (topped, 
with  the  cork  P,  fig,  5th.  and  it  muft  be  filled 
with  dilute  vitriolic  acid ;  after  which,  by  means 
of  the  fm&U  rod,  OP,  which  is  faftened  to  the 
cork  P,  the  neceflary  quantity  of  vitriolic  acid 
is  permitted  to  enter  into  the  bottle  A.  At  the 
fame  time  we  muft  not  forget  to  open  the  coek 
R. 

a 

As  faft  as  the  elaftic  fluid  is  feparated  frcnn 
the  chalk  in  the  bottle  A,  it  pafles  into  the  bot- 
tle O  and  drives  out  the  water  in  proportion. 
It  is  neceflary  in  fome  experiments  to  introduce, 
into  the  bottle  O,  a  thin  covering  of  oil,  which 
fwimming  on  the  furface  of  the  water,  mpy  pre*- 
vent  the  elaftic  fluid  firom  coming  into  adud 
contaA  with  it. 


TtaE 
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Tbb  Manner  of  preserving  the  Elastic 
Fluid  in  Bottles»  for   any  Length  of 

TiUS    WE  PLEASE. 

WHEN  all  the  water  has  been  expelled  from 
the  bottle  O,  6g.  13th.  by  the  elaflic  Quid,  and 
there  only  remains  a  thin  coat  of  oil  in  the  neck, 
the  extreniity  M  of  the  fyphon  TXLM  is  to  be 
withdrawn,  the  bottle  corked  under  water,  and 
afterwards  removed  wherever  is  thought  proper. 
The  claftic  fluid  may  be  prefervcd  a  very  long 
time  in  this  ftate.  However,  when  it  is  to  be 
kept  from  one  feafbn  to  another,  and  obliged  to 
undergo  the  changes  of  heat  and  cold,  it  is  ne- 
ceflary  to  take  fome  farther  prcuutions ;  as  this 
air  is  fufceptible  of  coodenfation  by  cold  like 
that  of  the  atmofpherc,  the  external  air,  when 
the  weather  is  very  cold,  prefles  on  the  cork, 
pod  it  is  diilicult  to  prevent  it,  in  time,  from 
entering  into  the  bottle  and  mixing  with  the 
elaftic  fluid  contained  in  it.  It  is  eafy  to  avoid 
this  mixture  of  the  two  wrs,  by  plunging  the 
bottles  of  elaftic  fluid  with  their  necks  down- 
wards either  into  a  dtib  or  jar  of  water,  as  may 
be 
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be  feen  rcprefcnied  £g.  14th.  In  experimenu 
where  we  arc  not  apprehcnfivc  of  the  fmall  iofs 
of  claftic  fluid  caufed  by  the  abforption  of  the 
water,  we  difpenfc  wiih  the  omilEon  of  the  bed 
of  oil  in  the  neck,  of  the  botticj  ihis  prcoutioo 
may  even  become  injurious  if  we  intend  to  keep 
ihc  claftic  fluid  for  a  very  conHdcrable  time  1  for 
the  oil  being  liable  to  termcnc  and  be  corrupted, 
it  might  produce  particular  phenomena.  Ii  is, 
then,  neccfiitry  to  leave  a  very  fmall  quantity  of 
water  in  the  neck  of  the  bottle,  inftcad  of  the 
coat  of  oil. 


The   Method   of    removing   tbe    Elastic 
Fluid  pkom  one  Vessel  to  AifOTHcit. 

LET  the  recipient  »NOO,  fig.  loih.  be 
fuppofed  to  contain  a  certain  quannty  of  cladic 
fluid,  which  there  is  occafion  to  transfer  into  a 
jar,  bottle,  or  any  other  velTcl:  a  communica- 
tion is  to  be  formed  by  means  of  the  bent  tube 
EBCD  and  the  tube  SS  furniflied  with  its  cock, 
between  the  infide  of  the  receiver  »N0O  ami 
(be  body  of  the  pump  P,  at  alfo,  by  means  of 
the 


1 
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itelBfcBjy— ilia>wfcrJ/WM,  bexvan  dK 

atOf  OW  ««h  wsier;  ia%,  die pBat Z  or 
A*  pMip  P  M  CD  be  fei  in  aditm,  anf  nvTTi 
one  dK  pMDo  i>  tmea,  die  air  of  dhr  oan^itnc 
vNOO  poflet  ineo  the  body  of  die  paax^  ? ;.  ic 
it  dm  driwtn  on,  and  obliged  lo  prift  bno  die 
Tdfel  Q,  from  which  it  difplacet  tfae  wmr  la 
proportion.  If  die  vcflel  made  ulc  of  be  a  bcc- 
llf,  it  fray  br  cnrlctd  under  the  water,  ani  crc 
didic  fluid  prtrlcTTedf  in  die  manaer  wludi  hat 
been  before  defcribcd. 

A  DsiCRiPTioN  OP  AN  Apparatus  for  trans- 
MiTTiMO  AN  Elastic  Fluid  through  any 
Kind  or  Lit^fOR,  and  afterwards  pri- 
iiRviNO  IT  FOR  Examination. 

THIS  ipparatus  reprefentcd  fig.  15th.  difiers 
In  nothing  from  that  of  die  laft  cjcpcriinent  ex- 
cept in  the  bottles  p»p\fy  which  are  placed 
between  the  pump  PP  and  the  bucket  mmff. 
ThH^  bottles  ue  entirely  fimilar  to  that  of  fig. 
4.    They  are  to  be  filled  with  lime-wacer,  or 
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any  other  liquor  througli  which  the  operator 
chufcs  10  tranlmit  the  elullic  iluid.  A  commu- 
rication  is  to  be  m.ide  from  lite  pump  PP  to 
the  firft  boille,  by  means  ot'  the  bent  tube  mp 
rcprelcntcd  fcparatcly  fig.  i6tb.  I^Itly,  when 
by  the  adlion  of  the  pilton  Z,  the  elaltic  fluitl 
has  paflrd  into  the  body  of  the  pump  P,  and  ic 
is  again  tilled,  it  is  necclTarily  obliged  to  paft 
into  the  tube  mp\  and  to  bubble  over  into  the 
liquor  contained  in  the  bottle  p ;  the  prefTure  of 
the  fuccctding  ftreams  of  air  forces  it  10  continue 
its  paffage,  and  to  rifc  over  fKceeflively  into  each 
of  the  bottles  f,  f\  and  fo  on  into  as  many  as 
may  be  thought  proper,  till,  in  fine,  all  the  air, 
which  could  not  be  abforbed  by  the  liquor,  pafllis 
into  the  bottle  or  jar  Q_,  through  the  tube  /xMJ 
6g.  17th. 

Thb  diHcrent  iaftrutnents  which  I  have  o 
fcribcd,  changed  ^nd  moditicd  in  various  r 
ners,  have  been  fufficient  for  almoft  ajl  the  ex- 
periments which  I  have  been  obliged  to  make 
on  the  elaftic  fluid  difcharged  ftom  bodies.  In- 
deed chofe  rektire  to  Dr.  Pricftley's  nitrous  and 
inflammable  airs  fhould  be  here  excepted,  which 
have  DOE  as  yet  been  the  objctfts  of  my  examin- 
^uon. 
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aiion,  and  which  require  particular  precautions. 
I  thought  it  neceffary  to  begin  with  thefe  defcrip- 
tions,  that  there  might  be  no  occafion  to  return 
to  them  in  the  courfe  of  this  Chapter,  nor  any 
neccflity  to  interrupt  the  reciul  of  my  experi- 
ments. 


EXPERIMENT    1. 


\  7hb  Effect  of  Elastic  Fluid  discharged 
FROM  Chalk  on  Animals. 

A  QUANTITY  of  claftic  fluid  was  feparatcd 
from  chalk  by  the  vitriolic  acid,  ^nd  tranfmitced 
by  means  of  the  apparatus  flg.  1 3th.  iDto  the  jar 
Q^  fig.  15th.  reprefented  feparately  fig.  i8th. 
The  jar  was  corked  under  water  with  a  large 
cork  exa^ly  fitted  to  it  ■,  after  which  I  turned  ic 
up,  pulled  out  the  cork  and  immediattly  intro- 
duced a  young  fparrow. 


■    It  had  fcarcely  reached  the  bottom  of  the  jar 

-liefore  it  .fell  on  its  fide  in  convulfions ;    and 

having  withdrawa  it  in  a  quarter  of  a  minute,  tc 

was 
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was  expiring,  and  I  could  not  poflibly  rellore  ic 
10  life  by  any  method. 

The  Cwie  experiment  being  repeated  on  a  rat, 
it  pcri(hed  with  the  fame  circumRances,  and 
nearly  in  the  fame  fpacc  of  lime.  Its  fides  were 
Ihrunk,  and  had  a  kind  of  convulfive  motion  as 
if  it  had  endeavoured  to  infpire  the  ur  without 
being  able  to  accompiifli  it. 


EXPERIMENT    II. 

The  Effect  of  Elastic  Fluid,  disencaged 
PROM  Metallic  Calces,  on  Akimals. 

THE  fame  jar  Q^was  filled  with  elaftic  fluid 
difengaged  in  the  rcdu£lion  of  minium,  and  a 
fparrow,  a  moufe  and  a  rat  were  fucceflively  in- 
troduced into  it.  They  died  almoft  inftantly, 
as  in  elaftic  fluid  difcharged  by  ef&rvcfcence, 
and  their  death  was  attended  by  ftmilar  circum- 
ftances. 


These  experiments  feem  to  difcover  one  of 

the  principal  caufcs  of  the   almoft  immediate 

death 
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deaih  of  animals  in  the  claftk  fiuki  of  effirrvefciB 
mixiurcs  and  meullic  reductions.  Wiibout 
knowing  prccirdy  whai  is  the  ufe  of  rdpiraiion 
to  anifflah,  wc  at  katt  know  that  this  function 
is  lb  eflcMia)  to  their  exigence,  that  they  muft 
very  foon  periih  if  their  lungs  be  not  inflated  al- 
nioft  evoy  moment  by  the  elaftic  fiuid  which 
compofes  our  atmofphere  -,  but  it  ouy  caOly  be 
conceived  that  the  claftic  fluid  from  eficrwefccncc, 
or  that  from  metallic  reduftions,  is  not  by  any 
means  proper  to  perform  that  office  of  the  animal 
oeconomy,  and  cannot  inflate  the  lungs  of  ani- 
mals like  the  air  which  wv  commonly  breath& 
We  have  a£lually  fccn  above,  that  this  fiuid  is 
abforbed  with  great  facility  by  water  and  mod 
other  liquors,  that  it  Bxes  irfelf  with  them  and 
I'uddenly  loles  its  claQicity :  hence  it  necenarily 
refutes  that  the  interior  part  of  the  lungs  facing 
compofed  of  raoift  membranes,  and  even  of  vef- 
Icls  through  which  watery  vapours  continually 
iranfude;  the  elaOic  Buid  cannot  arrive  there 
without  fuddenly  lofing  icselafticicy  :  indeed  it  is 
even  probable  that  the  cladic  fixablc  fluid  does 
not  reach  the  la(l  ramifications  of  the  lungs,  buc 
is  fixed  befoiv  it  come  there.    The  adioa  of  || 
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lungs  then  mull  be  fiifpcnded  by  the  deficiency 
of  claftic  fluid,  they  mud  colUpfc  and  become 
flaccid ;  and  this  is,  in  faG:,  what  is  obfcrved  in 
the  difledion  of  animals  which  have  perifhed  in 
this  way.  Almoft  the  fame  cfTcit  would  be  ex- 
perienced in  a  pair  of  bellows,  the  inlide  of 
which  was  moIUcned  with  water,  and  its  adion 
attempted  to  be  fupported  with  elaftic  fixable 
fluid. 


EXPERIMENT     III. 

The  Effect  of  Elastic  Fluid  separatedJ 
FKOM  Effervescing  Mixtures  on  BuRNiNOg 
Bodies  and  on  Flame. 

A  LONG,  narrow  jar,  Gg,  19th.  was  Bllet 
with  elaftic  fluid  difcharged  from  chalk, 
plunged  into  it  a  lighted  wax  taper  or  cand|^ 
fig.  zoth.  fufpendcd  by  means  of  an  iron  wire. 

Scarcely  was  I't  arrived  at  the  mouth  of  the  ' 
jar,  but  it  was  tnllantly  extinguished  -,  the  burnt 
part  of  the  wick  was  even  become  black.    It 
A  a  fometimes 
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foronimei  fuppened  that  I  could  Sgfet  die  tame 
cantik  ten  of  twdvc  timo,  and  ataa^Hb  it  u 
often  in  the  fame  jar ;  fo  true  it  »  ih«  a  con6- 
derable  time  «  Bccrflary  for  the  elaftic  fixable 
Buid  to  be  mixrd  with  the  ar  of  the  itmc^phcre : 
ooJy  h  K  to  be  obfervcd  that  everj  rime  the 
candle  is  extinguifhed  anew,  it  is  neceffary  to 
immerie  it  lower  than  the  preceding  tnne,  which 
fecms  to  prove  that  the  union  of  eiaftic  fluid  with 
acmofphcric  air  is  only  made  on  the  furface,  and 
*  one  ftratum  after  another,  nearly  in  the  maoDcr 
in  which  folution  is  performed. 

A  RED  hot  piece  of  charcoal  ioitnerled  in  the 
fame  air,  became  black  in  it  imtnediately,  as  if 
it  had  been  plunged  into  water. 

EXPERIMENT    IV. 

The  Effect  of  Elastic  Fluid  d»charoi» 
FROM  Metallic  Calces  on  Bornino  Bo- 
dies AND  OH  Flams. 

THE  fame  experiment  was  ivpeaeet^  Dutkiog 

ufeofelafticRuid  dtfcharged  from  minium  is- 

ftcad 
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(toed  ti  thM  from  ch^Ik  y  iht'tSs&%  Wdre  pro- 
^tfrljf  the  fome,  hor  did  I  perceive  the  leaft  dif* 
fereiice« 


.     EXPERIMENT    V. 

To    TRANSMIT    ELASTIC    FluID,     DISENGAGED 

FROM  AN  Effervescing  Mixture,  through 
Lime-Water,  and  to  obse&ye  the  Qijan- 
tity  absorbed  by  it. 

I  FILLED  a  bottle,  whofe  capacity  was 
206  T  cubic  inches,  with  claftic  fluid  feparated 
from  chalk  by  vitriolic  acid  ;  it  was  placed  with 
its  mouth  downwards  in  a  bucket  full  of  water^ 
VV,  fig.  15th.  and  the  whole  was  difpofed  in 
the  manner  defcribed  at  the  beginning  of  this 
Chapter.  The  jar  Q^was  69  cubic  inches  in  ca« 
paeity,  it  was  exaAly  filled  with  water,  and  the 
three  bottles  /^,  p*\  /',  contained  7I  pints  of 
lime-water.  When  every  thing  was  thus  pre^* 
pared,  and  all  the  jundurcs  were  exa&ly  clofed 
with  fat  lutf)  I  opened  the  cocks  R  r  and  work« 
ed  the  pifton  Z  of  the  pump  P. 

A  a  2  As 
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As  footi  as  the  air  came  over  into  ihc  I 
bcii\€s  p\p",p"'y  and  at  the  firft  ftrokc,  ihc  firft 
bottle  began  to  alTume  a  cloudy  appearance  j 
the  fame  happened  to  the  fccond  towards  the 
end  of  the  fecond  ftroke,  and  to  the  third  on 
the  fourth.  I  was  obliged  to  make  fifteen  ftrokes 
and  a  half  of  the  pillon  to  Bll  the  jar  Q^with 
elaftic  fluid. 


The  capacity  of  the  pump  is  12 
from  whence  it  follows  that  the  quantity  of  elaf- 
tic  fluid  which  I  had  caufed  to  pafs  into  the  Hme- 
waier  was  18S  inches,  the  air  which  had  fepa- 
ratcd  from  the  lime-water  was  69  inches,  the 
quantity  then  which  was  combined  with  the 
was  119  or  about  two-thirds. 


meil^ 


It  is  proper  to  obferve  that  this  experimeftl 
does  not  give  very  cxa^ly  the  portion  of  elaftie 
ftuid,  capable  of  being  abforbed  by  the  lime } 
io  fa&,  a  ponion  of  air  contained  in  the  vacant 
part  of  the  bottles  p,  /",  p"^  palTcs  into  the  jar 
Qj  and  is  replaced  by  cladic  Huid  •,  and  confe- 
quently  the  quantity  of  elaflic  fluid  abforbed 
appears  Icfs  than  it  really  is.  It  \s,  moreover. 
probable 
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probable  that  74-  pints  of  lime-water  would  not 
be  fufficient  to  deprive  iheelaftic  fluid  of  all  the 
portion  capable  of  being  fixed,  and  that  fomc 
fmall  part  ftill  penetrates  into  the  jar  Q.  It  is 
doubtlefs  for  thcfe  various  reafons  that  the  elaftic 
fluid  was  only  reduced  4  in  this  experiment, 
whereas  Dr.  Prieftley  was  able  to  reduce  it  |. 


EXPERIMENT    VI. 

The  Effect  of  Elastic  Fluid  r»OM  Effeh- 
vesciNC  MiXTunEs  on  Akimals,  after  it 

HAS    BEEN    DEPRIVED    OF    ITS  FlXABLE  PaKT 

BY  Lime. 


WHEN  the  water  in  the  jir  Q^,  fig.  15th, 
was  wholly  dil'placcd  by  the  eUftic  fluid  which 
had  pair<-d  through  lime-water,  I  was  curious  to 
try  what  cfl'cfts  it  would  produce  on  animals, 
and  I  accordingly  withdrew  the  Jar  from  ihe  wa- 
ter, after  haring  eorkcd  it.  as  has  been  before 
defcribed,  and  I  introduced  a  young  fparrow  in- 
to ii ;  it  did  not  appear  to  fufTer  very  fenfibly 
It  firR*,  but  in  about  half  a  minute  its  refpira- 
A  a  J  lion 
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tion  feemed  diiBcult,  it  opened  its  bill,  and  in 
about  a  minute  ic  fell  pn  ics  fide  almolt  motion- 
lefs.  It  was  left  in  this  ftate  fully  half  a  minute 
longer,  alter  which  it  was  taken  out  and  t?xpt>fcd 
to  a  current  of  frelh  air.  For  the  firft  momencs 
it  had  no  motion  except  of  its  eyes,  and,  in  a 
fmall  degree  aifo^  of  its  bill,  but  in  hk  than  a 
minute  it  came  to  itfclf  and  began  to  hop  aod 
fly. 


EXPERIMENT    VH. 

The  Effect  of  the  saMe  Fluid  on.Flame. 

A  SMALL  portion  of  daftic  flwd  from  chalk 
wliicti  remained  in  the  bottle  A,  fig.  15th.  was 
palTcd  through  the  fame  li(pe-waier»  and  after- 
wards collected  in  a  fmall  jar:  a  fmall  taper, 
which  was  imtnct-led  in  it  in  the  manoef  rcpre- 
fented  fig.  i9tk  and  zoih.  was  actingui&ed  tn 
an  iaftant. 


Thb  lime-w4nr»  wlikh  had  fevcd  for  tkcic 
experi- 
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experiments,  and  was  contained  in  the  bottles 
p'tP\p",  was  found  to  be  entirely  deprived  of 
its  alkaline  ulle.  The  lime  which  was  precipi- 
tated made  a  brilk  and  long  continued  cffcrvef- 
cence  with  acids^  and  after  all  the  trials  to  which 
it  was  cxpofcd,  I  could  not  find  that  11  differed 
ia  any  rclpcd  from  chalk. 


EXPERIMENT    VIII. 

To  MAKS  Elastic  Fluid,  separated  from 
A  Metallic  Calx   by   Reduction,   pass 

THROUGH  LiME-WaTEE  i    TO  OBSERVE    THl 

Quantity  absorbed  by  it,  and  the  Ef- 
fect OF  the  Residuum  on  Animals  and 
ON  Flamc. 


INSTEAD  of  the  bottle  A,  fig.  15th.  I 
made  ufe  of  a  large  receiver  »NOO,  fijj.  loth. 
into  which  I  transferred  a  mixture  of  560  cubic 
inches  of  elaltic  fluid  fcparaied  from  a  metallic 
calx,  and  80  cubic  inches  of  common  air.  It 
would  doubtlefs  have  been  preferable  to  have 
ulbd  daftic  fluid  pure  and  unmixed,  but  the  ap- 
A  a  4  patatui 
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paratoi  ddcribed  zbovc,  fig.  loth.  did  DOC  per- 
mic  me  to  obtain  it  fo,  becaufe  Tofne  common  air 
always  nKeflTarily  remained  in  the  ctopty  fpace 
c^  the  rcTorr  A,  and  in  the  tubulated  receiver 
GH.  The  lar^e  Typhon  EBCD  was  adapted 
in  the  lame  manner  as  in  the  former  cxpcnnKoi 
to  the  pump  PP,  %•  loth.  and  nth.  and  tbc 
elaftic  6uid  was  made  to  pals  through  four  boc- 
tles,  each  of  which  contained  two  pints  ten 
ounces  of  lime- water ;  the  jar  Qj  the  capacity 
of  which  was  66  inches,  was  then  difpofird  lo 
receive  the  air  which  could  not  be  abforbcd  by 
the  lime-water. 

At  the  firft  flroke  of  the  pifton,  the  lime-wa- 
ter contained  in  the  Brft  bottle,  b^ao  to  lofe 
its  tranfparency,  and  grew  fenfibly  turbid  on  the 
fccond. 

The  waiter  in  the  fecond  bottle  began  to  be 
cloudy  at  the  third  ftrokc  of  the  pifton,  that  in 
the  third  on  the  fourth  ftroke,  and  that  of  the 
fourth  on  the  fixth. 

It  was  requifitc  to  pump  135  cubic  inches  of 
eUaic 
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elafttc 'fluid,  to  difplace  all  the  water  contained  ^ 
in  the  receiver  Q^  and  to  fill  it  with  air ;  hence: 
it  appears  that  135  cubic  inches  had  been  re-- 
duced  to  66  inches  in.  pafling  through  the  lime* 
water,  and  therefore  that  69  inches  of  air  bad 
been  combined  and  fixed  either  with  the  lime  or 
with  the  water. , 

A  RAT  having  been  put  into  this  air,  conti- 
nued fufficiently  eafy  at  firft.  It  then  appeared 
to  fuffer,  and  was  violently  agitated;  at  length, 
in  three  or  four  minutes,  it  fell  down  in  a  kind 
of  ftupor,  and  continued  without  motion  as 
if  dead.  Having  withdrawn  it,  it  began,  in  a 
fpw  minutes,  to  (hew  fome  figns  of  life  *,  it  after- 
wards recovered  gradually,  and  prefently  became 
as  lively  as  before  the  operation, 

A  WAX  candle  lighted  and  plunged  into  the 
fame  air  was  immediately  extinguifbed. 

The  water  in  the  two  firft  bottles/,^",  at 
the  end  of  this  operation,  had  already  formed  a 
very  confiderable  fediment;  that  in  the  third  and 
fourth  was  already  very  turbid  ^  but  one  migh^ 

eafily 
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caGly  judge  that  all  the  lime,  which  wasdifTolved 
there,  was  not  yet  prccipitaced.  I  therefore  en- 
deavoured to  tranfmit  again  more  elaftic  fluid 
through  the  fame  water  into  the  jar  Q;  the 
qaaniity  of  air  neccITary  co  till  it  was  foiitKi  to 
be  1 20  inches,  and  confequently,  this  Iccond 
time,  no  more  than  54  inches  were  abforb 
or  precifely  -,'^. 


I  FILLED  the  fame  jar  Q^  a  third  time  in  I 
manner,    and  the   quantity   of  elaftic  fluid  ab- 
forbed  by  the  lime,  in  this  operation, 
48  inches,  viz.  t^. 


>rl^^ 
d  ab- 
lis  ajn    I 


The  fame  rat,  having  been  put  into  this  aifi 
fcemed  to  feel  much  greater  inconvenience  from 
hi  in  Icfs  than  a  minute  it  fell  onits(ide;  I 
withdrew  it,  but  it  was  dead,  and  it  was  00 
longer  polCble  to  rcflore  it  to  life. 

The  fame  jar  was  again  filled  a  fourth  time 
in  the  fame  manner  1  44  inches  only  were  now 
ablbrbed,  viz,  exadtly  ^*^  of  the  quantity  em- 
ployed. A  moufe  being  placed  io  this  itr— 
riihed  in  the  third  put  of  a  minuWi 


I 

I 
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Thji  quantity  of  etaftic  fluid,  necelfzry  to  fiU 
the  jar  Q^thc  firft  time,  was  IJ5  cubic  inches  1 
but  it  mull  be  nrmembcrec)  [hat  this  eUdic  Buid 
contained  ',  of  common  air-,  the  135  cubic 
inches  were  (hcrefore  compofed  of  115I  ifwrhcs 
of  claftic  fluid  feparaled  from  the  calx  of  lead, 
Knd  of  19  T  inches  of  common  air :  but,  on  the 
other  Ddc,  common  aimorphcrical  air  is  not  ca- 
pable of  uniting  fuddenly  with  litue-warrr,  like 
the  eUllic  fluid  ariCng  from  effervcfccnce  and 
Cedu^tions  i  therefore  the  19^  inchci  of  com- 
mon air,  after  having  bubbled  through  the  lime- 
water,  Ihould  pafs,  without  diminution,  into 
ihejarQ^  It  is  evident  from  this  calculation, 
thai  )Q  reality  135  inches  of  elallic  fluid  were 
not  reduced  to  66  inches,  but  115?-  were  rev 
Uuced  104,6^.  The  lime-water,  tbercforc,  ib- 
forbed  ,%  of  the  quantity  of  eliftic  fluid  which 
wu  employed. 

Whkn  this  calculation  Is  applied  to  the  &- 
cond,  third  and  fourth  times  of  filling  (he  jar, 
it  wilt  be  found  that  the  quantity  of  eldHic  fluid 
ufed  for  (he  fecond  was  103  inches;  that  it  was 
reduced  to  49  i  from  whence  ic  follows  that  the 
quantity 
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quantity  abforbed  by  the  lime-water  was  54  cu- 
bic inches  or  ^^5.  That  for  the  third  the  quan- 
tity of  elaftic  fluid  employed  was  98  inches, 
which  was  reduced  to  50,  fo  that  the  qoantity 
abforbed  was  48  inches  or  fomcthing  Icfs  than  a 
half  J  and  laftly,  that  for  the  fourth,  the  quan- 
tity of  elaftic  fluid  expended  was  94,  and  was 
reduced  to  50  inches,  viz.  the  quantity  abforbed 
by  the  lime  was  44  inches  or  the  -AV- 

One  remarkable  circumftance,  which  I  haw 
taken  notice  of  above,  is  that  the  water  in  the 
bottles /)',/', />'",  which  became  very  turbid  at 
the  beginning  of  thefe  different  operations,  and 
had  depofited  all  the  lime  which  it  contained  in 
a  ftate  of  folution,  towards  the  end  of  them  grew 
gradually  tranfparcnt.  The  reafon  of  this  phc- 
nomenOR  depends  on  the  daftic  fluid  with  which 
the  water  was  impregnated,  and  by  the  afllfttnce 
of  which  it  became  capable  of  diflblving  the  cal- 
careous earth.  Some  obfervaiions  on  this  foil 
tion  will  be  found  in  the  next  Chapter. 


I 
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EXPERIMENT 

The  Effect  of  a  very  cheat  Decree  i 
Cold  on  Elastic  Fluid  from  Effe% 
VeSCBNCZ. 

FIG.  2ifl.  rcpKfents  an  apparatus  which  I 
judged  ncccfiary  for  this  experiment.  A  is  a 
bottle  filled  with  eladic  fluid  fcparated  from  chalk 
by  vitriolic  scid-,  the  tube  EBCD  is  exadly 
luted  to  it  with  the  fat  lute  covered  with  a  blad- 
der, and  it  is  adapted  at  its  extremity  D  to  the 
tube  SS  furnifhed  with  JLscock  R.  Every  thing 
being  thus  prepared,  the  bottle  A  was  placed  in 
a  bucket  which  I  filled  with  a  mixture  of  broken 
tee  and  (ea  fait. 


Reflecting  afterwards  on  this  experiment 
I  confidercd  that  its  principal  end  was  to  con- 
trait  (he  claflic  fluid  and  condenfc  it  as  much  as 
polTiblci  that,  however,  as  the  air  in  the  bottle 
A  had  no  communication  with  the  external  air, 
my  object  would  not  be  accompliflied.  Indeed, 
whatever 


rd  m  ir.  ifr     I 
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whatever  degree  of  cold  I  bad  applied  to  it.  irr 
this  apparaius,  its  volume  would  always  have 
remained  rqua]  to  the  capacity  of  the  bottle. 
From  thefe  con  fide  rations  I  perceived  that  it  was 
indifpenfably  necelTary,  in  order  to  procure  any 
advantage  from  this  experiment,  to  lute  to  the 
other  extremity  of  the  tube  SS^  a  fyphon 
TXLM  which  might  communicate  with  the 
infide  of  the  inveitcd  bottle  O  filled  with  elallic 
fluid  alfo  difcharged  from  chalk.  I  then  opened 
the  cock  R.  It  is  evident  that  by  means  of  the 
communication  formed  between  the  bottles  A 
and  O,  the  claflic  fluid  could  not  be  condenfcd 
by  cold  in  the  firft,  but  a  portion  of  that  con- 
tained in  (he  (ccond  muft  pals  to  fill  up  the  wj- 
cuum  i  by  which  means  the  condcnCrtton  might 
be  made^with  all  pofTible  freedom. 


i 


e. 


The  air  of  the  laboratory  was  at  io|  de| 
above  the  freezing  point.  When  I  began 
experiment,  the  degree  of  cold  was  at  about  15 
degrees  below  freezing.  I  continued  to  fupport 
it  at  this  temperature  for  five  hours,  without  the 
eUftic  fluid  being  more  diminifhed  than  common 
air  would  have  been.  Maving  at  this  time  re- 
moved 


A 


I 


I 


moved  the  ice  which  furroundcd  the  bottle,  I 
found  it  covered  internally  with  a  white  efflo- 
rcfctnce,  which  was  nothing  but  the  moifture  of 
the  air  which  was  condent'ed  by  the  cold  and 
had  fornud  a  kind  of  hoar  froll.  ' 

It  was  afterwards  defirable  to  try  whether  the 
cold  had  changed  the  nature  of  the  claflic  fluid, 
and  whether  it  had  become  more  fimilar  to  (hat 
of  the  atmofphcre,  as  the  Count  dc  Saluces  had 
aflerted.  (See  Part  I.  page  47.)  For  this  pur- 
pofe  I  replaced  the  boEilc  A  in  an  earthen  bucket 
VV  filled  with  water,  fig.  15th.  the  eUftic  fluid 
was  then  drawn  off  by  means  of  the  pump  PP, 
and  made  to  pals  through  three  bottles  p\  p", 
p"'y  filled  with  lime-water. 

At  the  firft  ftroke  of  the  pifton  the  liquor  be- 
gan to  become  cloudy,  and  afterwards  became 
turbid  in  the  fame  manner  as  tf  the  elaflic  fluid 
had  not  been  expofcd  to  the  adioti  of  cold.  F 
alfo  tried  the  elfcfl  of  this  fluid  on  animals; 
they  pcrifhcd  m  it  in  a  few  fccond*,  and  it  in- 
llantly  cxtingutlhed  flame. 


It 
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It  appears  from  the  experiments  concain 
this  Chapcer,  ift.  That  chcrc  is  a  perfect  refem- 
blance  between  the  elaClic  fluid  difengaged  in  the 
Itduftion  of  minium,  and  that  fcparatcd  from 
effi:rvefcmg  mixtures ;  and  that  they  both  pro- 
duce the  fame  phenonKna  on  lime-water,  on 
calcareous  earth,  on  burning  bcxlics  and  on 
aoimals. 

adly.  That  both  thefe  fluids  arc  compoied, 
1  ft.  Of  a  fixjbic  pari  capable  of  being  combined 
with  water,  &c.  2diy.  Of  another  part,  much 
more  difficult  to  fix  ■,  capable  of  fupporting,  in 
a  certain  degree,  the  lives  of  animals,  and  in  its 
nature  much  refembling  the  air  of  the 
fphere. 


3dly.  That  this  portion  of  common  air  i 
ther  more  conUdcrable  in  the  eladic  fluid  difen- 
gaged in  metathc  reduftions,  than  in  thatdcu 
cd  irom  chalk. 


r   is  rs*     3 

difcfi- 

Qvimtt-       ' 


4thly,  That  it  feems  certain  that  the  noxiour 
property  of  this  fluid  refides  in  its  fixable  par^, 
becaufc  it  is  Icfs  fatal  to  animals  in  proportioi 
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I  it  is  fanher  deprived  of  this  part,  as  is  proved  by 
I  Experiment  Vlll. 

5ihiy.  That  nothing  as  yet  enables  us  to  de- 
cide wlieihcr  thefixablc  part  of  eUllic  fluid  from 
effcrvercing  mixtures  and  reductions,  be  a  Tub- ' 
flancc  eflcntially  different  from  air,  or  whether  If  J 
be  air  itfclf  to  which  fomething  has  been  added^^ 
or  from  which  fomething  has  been  fub{lra£ted,  j 
and  that  prudence  demands  us  to  fufpend  our] 
L  judgment,  at  prcfent,  on  this  fubjeCt  ". 


■  Thii  point  hai  been  much  eladdacnl  by  Dr.  Pricft> 
I  •ley'*  txpaitaentn 


CHAP- 
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CHAPTER     VIII. 

Or  SOME  PROPERTIES  or  WATER  impreg- 
nated with  ELASTIC  FLUID  separated 
FROM  EFFERVESCING  MIXTURES  ot , 
METALLIC  REDUCTIONS. 


MESSIEURS  Cavendidi,  Prieftlcy, 
Rouellc  have  communicated  to  ihc  pub- 
lic fome  very  inCerefting  experiments  on  the  foU 
vent  properties  of  water  impregnated  with  fixed 
air,  or,  in  other  words,  daftic  fluid,  fcparatrt! 
from  efiervcfcing  mixtures;  they  have  drmaa- 
itraicd  that  this  water  has  the  property  of  di^ 
folving  calcareous  earths,  iron,  zinc,  iron  ore; 
Sec.  1  have  had  the  curiofity  to  vary  tbcle  cne- 
riments,  to  extend  them,  ifpoFTiblc,  and  I  but 
endeavoured  to  form  a  three-fold  union  of  ^^ 
air,  metals  and  acids,  with  a  view  of  acqtnte 
fome  ideas  of  the  degree  of  affinity  betweco  ikk 
difierent  fubftanccs. 


WITH  ELASTIC  FLUID. 
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To  accomplith  this  dcfign,  I  firft:  impregna- 
ted a  fufficienc  quantity  of  pure  diflilled  water 
with  claftic  fluid  feparated  from  an  cffervefcing 
mixture.  For  this  purpofc,  I  made  ufe  of  the 
apparatus,  fig.  7th. 

SqME  of  this  water  was  poured  into  glallcs,  in 
which  I  had  prcvjoufly  placed  folutions  of  iron, 
copper,  and  zinc,  in  the  vitriolic  acid,  folutions 
of  iron,  copper,  lead,  and  quick'filver,  in  the 
nitrous  acid,  of  gold  in  aqua  rcgia,  and  of  cor- 
rofive  fublimate  ;  in  whatever  proportions  ihcfc 
mixtures  were  tried,  I  was  never  able  to  pro- 
duce a  precipitation,  and  the  liquors  remained  i 
us  tranfparcnt  as  they  were  before  ;  nay,  the  fo- 
lution  of  iron  in  the  vitriolic  acid,  which  was  ra- 
ther cloudy,  became  immediately  clear  by  the 
„inixture  of  water  impregnated  with  elaftic  fluid. 


<-  I  MIXED  fomeof  the  fame  water  with  a  folu- 
tion  of  filver  in  nitrous  acid;  the  liquor  had  a 
Qightly  cloudy  appearance,  but  fcarccly  percep- 
tible, and  tlie  laott  fcrupulous  attention  was  rc- 
quifite  to  remark  it.  I'his  circumdance  might 
caufe  a  fufpicion,  that  chalk  contains  fome  par- 
ticles of  marine  acid,  which  being  combined  in 
B  bi  tc 
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it  with  a  bafis,  ts  driven  from  it  hy  the  vicritK 
lie  acid,  and  paflcs  over  with  the  elaftic  fluid, 
and  that  uniting  with  the  filver,  in  this  cxjjcri- 
ment  it  forms  a  luna  cornea ;  but  fuppofing  thij 
fufpicion  to  be  well  founded,  that  quantity  of 
marine  acid  muft  be  fo  inconfidcrable,  that  one 
grain  of  fpirit  of  faltdtfTufed  in  two  pints  of  wa- 
ter would  produce  a  much  greater  efFcft. 

Though  thefe  experiments  may  not  be  qtritt 
complete,  bccaufe  I  have  not  been  ab!e  to  '«te- 
tend  them  to  all  the  metallic  foluiions ;  ihltf 
Jhould  feem,  however,  to  prove  in  genera!,  tlltt 
meialtic  fubdances  have  more  afHnity  with  'Ife 
mineral  acids,  than  with  the  elallic  fixable  fMd. 

Mr.  Hev,  fomc  of  whofe  experiments  have 
been  publifhcd  by  Dr.  Priedley,  has  declared 
[hat  fixed  air  did  not  at  all  change  the  blue  co- 
lour of  fyrup  of  violets,  and  as  this  experiment 
has  been  fince  contertcd,  I  was  curious  to  repeii 
it:  fome  fyrup' of  violets  was  accordingly  diffb- 
fed  in  water  impregnated  with  elaftic  fluid,  and 
its  colour  compareii  wit  h  that  of  the  fame  fjrrup 
of  violets  diffufcil  in  diftilled  water.    The  colour 

MiiitiiiiyiiiiMilil 


with  che  mofl:  nice  atiention,  the  fyrup  of  violets 
mixed  with  water  impregnated  with  fixed  air, 
feemed  to  have  fomething  of  a  redder  tinge  j 
but  the  difference  was  fo  triflin>,  fo  impercepti- 
ble) chat  one  might  almolt  doubt  it*. 


An  experiment  may  be  recollefted  which  I 
have  related  in  the  firft  Chapter  of  the  fecond 
pare  of  this  work.  If  water  impregnated  with 
elaftic  fluid  he  poured  by  degrees  into  faturated 
lime-water,  the  liquor  prcfenil)'  becomes  turbid, 
and  the  lime  precipitates  in  the  (tjte  of  chalk ; 
but  if,  after  all  the  chalk  has  been  precipitated, 
the  addition  of  more  water  impregnated  with 
fixed  air  be  continued,  all  the  chalk  which  had 
been  precipitated  will  be  gradually  redilTolved, 
and  the  liquor  recover  its  former  [ranfparcncy. 


I 


It  has  been  alio  feen  in  the  lafl  Chapter,  [hat 
when 

"  D».  Ckieitlby's  very  ingenioui  frierj  Mr.  Bcwley, 
orCruc  MaflinghiiiD  in  Norfolk,  rcemi  to  hnvr  drtrrmined 
this  poiat.  By  mcaiu  of  lived  air,  be  has  noi  only  turned 
fome  of  the  bint  jui«9.  which  arc  more  deitcaic  lelU  of 
acidity  than  fyrup  of  violcU,  red,  but  hag  even  neuualixed 
alkaline  fait.    T.  li. 

Bb    3 
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when  chflic  fluid,  feparjted  either  from  el 
vefcencc,  or  mcullic  reduftion,  has  been  tranA 
tnitted  tlirough  lime- water,  and  all  the  alkaline 
earth  has  been  thereby  precipitated  under  the 
form  of  chalk,  if  we  continue  to  throw  in  firlh 
ftrcams  of  elaftic  fluid,  the  greater  part  of  the 
precipitated  earth  is  again  dilfolvcd,  and  the  li- 
quor recovers  its  tranfparcncy.  The  elaftic  fluid 
or  fixed  air  being  fo  common  in  the  mineral 
kingdom,  as  may  be  judged  from  the  mcphioc 
or  aerial  waters  and  by  many  other  phenomeiu 
in  nature,  the  combination  of  this  fubflancc  mth 
calcareous  earths  fliould  be  frequently  mec  with 
in  waters ;  I  therefore  thought  that  it  would  be 
intcrefting  to  examine  the  effefls  which  diOerait 
kinds  of  tefls  would  produce  on  this  combinsuoo 
which  is  hitherto  but  little  known. 


m  ifliP 


To  this  purpofc  fome  difttlled  water 
turated  with  lime,  and  1  threw  a  (Ircani 
into  it  proceeding  from  a  redudion  of  calk  of 
leadi  at  firft,  as  has  been  before  remarked,  the 
lime  was  precipitated  i  it  was  then  redinblvcd, 
and  1  continued  the  operation  in  this  manner  itU 
I  imagined  the  water  was  as  much  loaded  as  tc 
could  be,  with  calcareous  earth. 
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I  POURED  this  water  on  foludons  of  iron  and 
copper  in  the  nicrai^s  acid,  the  liquors  neither 
bf^came  turbid  nor  formed  any  precipitation. 
The  folunon  of  filvcr  in  the  fame  acid  occafioned 
a  flight,  but  fcarcely  perceptible  cloud  in  the 
liquor,  nearly  fuch  as  I  have  remarked  with  the 
water  impregnated  with  elaftic  fluid  .only. 

The  cafe  was  different  with  folutlons  of  cop- 
per^  iron,  and  zinc  in  the  vitriolic  acid.  The 
precipitation,  it  is  true,  did  not  inllantly  take 
place,  but  in  a  few  feconds  the  liquor  became 
turbid,  and  in  a  fhort  time  the  precipitate  coU 
leded  and  fubfided  to  the  bottom  uf  the  vefTel. 

A  SOLUTION  of  lead  in  the  nitrous  acid  af- 
forded, immediately,  a  very  plentiful  white  pre- 
cipitation. 

A  SOLUTION  of  quickfilver  in  nitrous  acid  af- 
forded a  precipitate  only  by  employing  much 
water  and  linlc  of  the  folution ;  this  precipitate 
was  of  a  pale  yellow  colour,  but  it  gradually 
became  grey  with  time. 

B  b  4  A  SOLO- 
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A  SOLUTION  of  golJ  in  aqua  rc^a  gave  no 
figns  of  precipitaiion. 


I  ALSO  tried  on  this  water  the  eiFcfts  of  fi: 
and  volatile  alkalis  both  in  their  cauftic  and  mild 
ftatc  i  they  all  occafioncd  a  precipitation  of  the 
alkaline  earth  in  the  form  of  chalk-,  that  is  to 
fay,  they  attrail^ed  to  themfclvcs  the  fuperabun- 
dant  portion  of  elallic  fluid  which  held  it  dif- 
folved,  but  they  could  not  deprive  it  of  any 
more  J  wc  have  fcen,  in  faifl,  that  elallic  Buid 
has  more  affinity  with  alkaline  earth  than  with 
alkaline  falts. 

The  fame  water  being  poured  on  fyrup  of 
violets,  did  not  much  afTeft  its  colour}  however, 
a  flight  green  tinge  might  be  obfcrvcd,  which 
became  more  vifiblc  after  fomc  hours. 


f 


ceH 


All  thcfc  experiments  have  the  fame  fuci 
whether  we  employ  elaftic  fluid  fcparated  from 
cffervefcing  mixtures,  or  that  from  metallic  re- 
du^ions. 
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CHAPTER     IX. 


On   the   burning     or    PHOSPHORUS, 
AND  THE  FORMATION  of  its  ACID. 


EXPERIMENT    I. 

The   Burning  of   Phosphorus    UKDtR   A 
Receiver  inverted  in  Water. 

EIGHT  grains  of  Kunkel's  phofphorus  were 
placed  on  a  little  agate  cup  which  was  put 
under  a  gkfs  receiver  inverted  in  water,  and  a  thin 
covering  of  oil  was  iniioiluccd  10  the  furfacc  of 
liie  water  by  means  of  a  crooked  funnel :  this 
apparatus  is  [be  fame  as  that  reprefentcd  Hg.  8. 
I  then  threw  upon  the  phofphorus  tlic  focus  of 
a  glafs  lens  of  eight  inches  dianietef. 


The  phofphorus  was  foon  fufed,    and  tlien 
kindled. 
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kindled,  ytdding  a  beautiful  flame ;  at  thf  1 
time  a  great  quaoiity  of  whice  vapours  arafe, 
which  fettled  OQ  the  internal  fuNace  of  the  rC' 
cover  and  tarnifhed  ic  TheTe  vapours  afbcr- 
wards  ran  in  deEqitium,  and  formed  drops  of  clear 
limpid  liquor.  At  firft,  the  wawr  in  the  receiver 
rather  fell,  from  the  rarefa^on  occafioned  by 
the  heat  -,  bur  it  prefcntly  began  to  reafcciki  fea- 
libly,  even  during  the  burning,  and  when  the 
veflels  were  grown  cold  it  icttied  ac  one  iodt 
five  lines  above  its  firft  level.  ^^1 

The  internal  diameter  of  this  receiver  iH^ 
4,V  inches;  and  confcquently  the  abforption  of 
air  had  been  194-  inches.  Having  taken  the  cup 
from  under  the  receiver,  a  yellow  matter  was 
found  at  the  bottom  which  was  nothing  but  tbe 
phofphorus  half  dccompofcd ;  I  wafhed  and 
dried  it,  after  which  it  weighed  between  one 
and  two  grains,  and  therefore  there  had  beta 
only,  in  reality,  between  fix  and  fcven  grains  of 
phofphorus  burnt,  and  the  abforption  of  air  had 
been  about  three  Inches  for  every  grain  of  phof- 
phoras. 


V. 


J 


OF  PHOSPHORUS. 


379 


The  pare  of  ihc  receiver  above  the  water 
contained  about  109  cubic  inches.  The  ab- 
forption,  then,  of  air  was  Vr.  or,  what  is  the 
lime  thing,  between  a  fifth  and  fixth  of  the 
whole  quantity  of  air  contained  under  the  re- 
ceiver. 


•EXPERIMENT    II. 
The  Burning  or  Phosphorus  ik  a  Receivsr 

INVERTED  IN  QUICKSILVER. 

THIS  experiment  was  repeated  with  the  fame 
receiver  as  m  the  hft  -,  I  again  employed  eight 
wrains  of  phofphorm  ;  and  all  the  circumftances 
were  abfolutely  the  fame,  with  this  difference 
only,  that  inftt-ad  of  inverting  the  receiver  into 
a  velTcI  of  water  with  a  covering  of  oil,  it  was 
inverted  into  a  vcflcl  full  of  quickfilver. 


The  burning  fucceeded  nearly  as  in  ihc  lall 

experiment,  with  this  difTcrcnce,  that  the  vapours 

which  adhered  to  the  receiver  were  nrore  light 

and  flacculent,  much  whiter,  and  did  not  run 

ptr 
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per  dciiquium.  Independrot  of  thofe  studied 
the  receiver,  the  little  cup  was  covered  with 
ihcm.  The  abforption  of  air  was  16-i-  cubic 
inches,  viz.  rather  lefs  than  three  inches  for 
every  grain  of  phofphorus.  There  alio  remain* 
ed  in  the  cup  a  fmall  yellow  reftduum  of  half 
dccompofed  phofphorus. 


al^ 


EXPERIMENT    UI. 


The  Burning  op  Phosphorus  over   Quick- 
silver,  IN    SMALLER    QuANTITr   THAN    , 
THE  FORMER  EXPERIMENTS. 


4 

L—  ■ 


I  TRIED  to  burn  a  fmallcr  quantity  than 
eight  grains  of  phofphorus  under  the  fame  re- 
ceiver and  over  quickfilvcr.  The  quantity  of 
air  abforbed  was  diininifhcd  in  proportion  to  the 
diminution  of  the  quantity  of  phofphorus,  and 
it  was  conftantly  between  2|  and  24-  inches  for 
each  grain,  deducting  for  the  fmall  pcHtioti  of 
yellow  rcfiduum  which  remained  after 
burning. 
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EXPERIMENT    IV. 

to  determine  the  crkatest  quantitv  of 
Phosphori/s  which  can  be  burnt  in  a 
GIVEN  Quantity  of  Air,  and  what  are 
THE  Limits  of  the  Absorption. 

TWENTY-FOUR  grains  of  phofphorus 
were  placed  on  rhe  agate  cup  in  the  fame  app»- 
tttius  immeifcd  in  mercury. 


The  phofphorus  burned  in  the  (ame  manner 
at  Brll  as  it  tlie  quantity  had  been  but  fix  or 
eight  grains,  excepting  only  that  the  inflamma- 
tion was  more  rapid,  more  inflantaneous,  and 
that  the  rarefadion  was  greater  v  but  prerenily, 
though  a  conGdcrable  quantity  of  phofphorus 
ftill  remained  unburnt,  the  combuOion  ccafed» 
and  1  could  not  polTibiy  renew  it  by  the  aid  of 
the  burning  glafs.  I  csfily  melted  the  phofpho- 
rus rnsdc  it  bubble,  and  even  fublimed  it,  but 
it  no  longer  Hamcd.  I'hc  quantity  ofairaib- 
forbcd  in  this  experiment  wu  found  to  be  about 
feventcen 
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fcvcntcen  or  eighteen  inches,  and  on  comparing 
the  remainder  of  the  phofphorus  with  that  vfhich 
I  had  made  life  of,  the  quantity  which  was  burnt 
was  found  to  be  no  more  than  fix  or  feven  grains. 

These  experiments  were  very  frequently  re- 
peated, and  the  refuks  were  always  the  fame, 
except  fotne  difference  in  the  quantities  of  air 
abforbed  -,  it  was  ntvcr  pofTiblc  for  me  to  carry 
this  abforption  farther  than  twenty  or  twenty- 
one  inches,  or  nearly  approaching  to,  but-not 
entirely,  |  of  the  whole  volume,  in  a  receiver 
whofc  capacity  was  109  inches.  Frcquenily, 
when  (he  vefiels  had  been  fuffcterf  to  cool  for 
fevcral  hours,  I  endeavoured  to  reftore  the  air 
under  the  receiver  by  lifting  it  up.  As  foon  as 
the  phofphorus  came  into  contafl  with  the  frefh 
air;  it  immediately  kindled  again,  and  when  I 
had  covered  it  with  another  receiver  of  about 
the  fame  Cze,  fix  or  eight  grains  more  were 
burnt.  The  phofphorus  was  then  extingui/hed 
without  the  poiTibiliiy  of  being  lighted  again, 
by  any  other  method  than  fupplying  it  with 
frefh  air. 


I^nj 
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These  rxperimems  fecm  already  to  lead  to  a 
fufpicion  that  atmofpheric  air,  or  feme  otber 
elafiic  fluid  contained  in  the  air,  is  combined, 
during  the  combuflion,  wiih  the  vapours  of  the 
phofphorus.  But  there  is  a  great  difFercnce  be- 
tween conjeflurc  and  prt*of',  and  it  waseflentially 
requifite  that  it  (hould  firft  be  weU  eftabli(hed 
that  a  combination  of  any  kind  of  fubllancc 
was  formed  with  phofphorus  during  its  com- 
buftion.  The  fallowing  experiments  appealed 
to  me  to  be  proper  for  furnifhing  that  prtxif. 

rvXPERIMENT    V. 

To    DETEKMINE,    WITH  AS  MUCH  PRECISION  AS 

THE  Nature  of  thk  Experiment   will 

ADMIT  OF,  THE  AUGMENTATION  IN  WeichT 

OF  THE  Acid  Vapours  of  busnino  Phos* 
rhORUS. 

EIGHT  grain)  of  phofphorus  were  put  into 

a  fmall  glafs  cup,  B,  tig.  22.  which  was  Intro- 

duced  into  a  wide  mouthed  bottle,  P.     The 

bottle  was  very  exaftly  (topped  with  a  cork, 

and 
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aod  I  weighed  the  whole  to  the  exadnels  of  half 
a  grain.  The  bottle  was  then  uncorked,  and 
immediately  placed  under  the  cryftal  receiver 
ACG,  which  had  been  before  made  ufe  of. 
The  quickfilver  was  raifed  up  to  CO,  and  the 
phofphorus  kindled  by  the  burning  glafs. 

The  phofphoric  acid  wasfublimed  in  white 
flocculi,  which  were  moftly  attached  to  the  in- 
terior (ides  of  the  bottle  P,  and  to  the  cup  B  i 
one-founh,  at  leaft,  was  feparated  on  the  outfide 
of  the  bottle,  and  was  depofited  partly  on  the 
furface  of  the  quickfilver,  partly  on  the  inner 
fides  of  the  receiver,  and  on  the'exterior  furface 
of  the  botric. 

When  the  veflcls  were  grown  cold,  the  ab- 
forption  was  found  to  be  from  fixtccn  to  feven- 
teen  cubic  inches,  and  a  fmall  portion  of  yellow 
matter  remained  unburnt.  I  then  lifted  up  the 
receiver  A  with  proper  precaution,  and  in  lefs 
Chan  four  feconds,  I  recorked  the  bottle.  It 
may  eafily  be  fuppofed  that  in  fo  (hort  a  time 
the  air  contained  in  the  bottle  P  could  not  have 
been  renewed  and  replaced  by  the  moid  air,  or 

ac 
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at  leafl:  that  if  fuch  an  effed  cquld  have  taken 
place,  it  muft  havd  been  only  in  a  quantity 
nearly  infenfible. 

The  outfide  of  the  bottle  P  having  been  very 
exactly  wiped  and  cleaned,  I  put  it  into  the 
fcales,  and  found  it  to  have  received  an  increafe 
of  weight  of  fix  grains ;  viz.  that  inftead  pf  eight 
grains  of  phofphorus,  which  I  had  put  into^the 
bottle,  theoe  were  now  fourteen  grains,  either 
of  concrete  phofphoric  acid  or  of  phofphorus 
half  decompofed :  but  it  mufl:  be  remembered 
that  at  leaft  a  fourth  or  three  or  four  grains, 
was  feparated  during  the  burning,  on  the  outfide 
of  the  bottle ;  and  confequently  that  fix  or  feven 
grains' of  phofphorus  yield  feventeen  or  eighteen 
grains  ^of  concrete  phofphoric  acid,  or  in  other 
words,  that  fix  or  feven  grains  of  phofphorus 
abforb  ten  or  twelve  grains  of  fome  fubftance 
contained  in  the  air  which  is  confined  under  the 
receiver.  This  experiment  leaves  fcope  enough 
to  preclude  any  reafonable  doubt  of  the  rcfult, 
and  all  the  arguments  which  could  be  adduced 
would,  at  moft,  tend  only  to  reduce  the  increafe 

Cc  of 
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of  weight,  from  ten  or  twelve,  to  eight  or  tea 
grains. 

The  quantity  of  air  abforbed,  was,  at  tnoft^ 
feventeen  cubic  inches  combined  with  the  phoi^ 
phorus  to  form  the  phofphcrid  acid ;  this  quan* 
tity  communicated  an  increafe  in  weight  of  from 
ten  to  twelve  grains,  and  therefore  every  cubic 
inch  of  *elaftic  fluid  which  was  abforbed  weighed 
about  4-  of  a  grain,  i.  e.  nearly  one*fourth  aiore 
than  the  air  which  we  breathe. 

But  if  the  matter  attraded  by  the  phofpho* 
rus,  during  its  combuftbn,  be  the  heavier  put 
of  the  air,  why  may  it  not  be  water  itfelf  which 
that  fluid  holds  diflfolved,  and  is  diffufed  fo  a- 
bundantly  in  the  atmofphere  in  a  kind  of  ftace 
of  expanfion  ?  Without  doubt,  I  reafoned  with 
myfelf,  water  is  neceflary  to  the  aliment  of 
flame ;  in  proportion  as  air  contains  it,  it  is  pro- 
per to  fupport  combuftion  i  but  when  deprived 
of  it,  combuftion  can  no  longer  take  place. 

This  fentimcnt  was  probable,  and  carried  an 

air 
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air  of  truth  adapted  to  fcduce.  I  therefore  re- 
folvred  to  fubmit  it  to,  the  teft  of  experiment,  and 
the  following  was  my  method  of  reafoning.  If 
this  theory  of  the  abforption  of  water  be  true, 
three  things  (hould  refult  from  it,  ift.  That  by 
rcftoring  to  the  air  confined  under  the  receiver 
in  which  the  phofphorus  has  been  burnt,  a  quan- 
tity of  water  reduced  to  vapours  proportionable 
to  that  which  has  been  abforbed,  the  combuftiot^ 
inftead  of*ceafing,  fhould  be  prolonged  much 
farther.  2dly.  That  in  this  cafe  there  Ihould 
be  no  farther  diminution  in  the  bulk  of  air  in 
]>roportioo  as  the  phofphorus  burns,  jdly.  That 
by  reftoring  to  a  quantity  of  air,  in  which  ph<^« 
phorus  has  been  burnt,  and  coniequently  de* 
prived  of  its  water,  and  diminifhed  about  a  fifths 
a  proportion  of  water  reduced  to  vapours,  an 
increafe  (hould  be  produced  in  its  bulk  equal  to 
the  diminution  which  it  had  fufFered  during  the 
combuftion.  Thefe  refle£bions  led  me  to  the 
following  experiments. 


c  c  2  expe;- 
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EXPERIMENT    VI. 
To  BURN   Phosphorus   umdsr   a  Receiver 

IMMERSED     IN    QUICKSILVER,    MAINTAINING 

AN  Atmosphere  of  Water  reduced  to 
Vapours  under  the  same  Receiver. 

I  PUT  a  fufficient  quantity  of  mercury  in  a 
fmall  earthen  di(h,  and,  on  its  furface,  placed 
two  fmall  agate  cups,  in  one  of  which  were 
contained  eight  grains  of  phofphorus,  and  in  the 
other  about  a  drachm  of  water;  the(e  were  co- 
vered with  a  cryftal  receiver,  and  the  mercury 
was  raifed  in  it  to  a  proper  height. 

.  The  focus  of  the  burning  lens  was  firft  thrown 
on  the  cup  which  contained  the  water :  in  a  few 
minutes  it  became  hot,  and  prefently  boiled  and 
rofe  in  vapours  which  condenfed  in  drops  and 
trickled  down  the  fides  of  the  receiver.  When 
I  was  perfeAly  afTured  that  a  plentiful  atmo- 
fphere  of  watery  vapours  exifted  under  the  re- 
ceiver,  I  ceafed  to  make  the  water  boil,  and 

threw 
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threw  the  focus  of  the  fame  lens  on  the  phof- 
phorus. 

The  combuftion  was  ptrformed  as  ufual  j  the 
fame  quantity  of  air  wa^  abfbrbcd,  nor  did  (he 
otperiment  differ  from  all  thofc  made  over  quick- 
filver,  except  that  the  acid,  indcad  of  being  in 
white  flowers  and  in  a  concrete  form,  was  de- 
pofited  in  drops  on  the  fides  of  the  receiver,  in 
proportion  to  the  quantity  of  water  with  which 
it  had  been  fupplied. 

EXPERIMENT    VU, 

To  RESTORE  Moisture   to  Am   in   which 
I'hosphorus  has  bdrnt. 


THE  fame  experiment  was  repeated,  obferv- 
mg  CO  bum  the  phofphorus  Brft,  and  afterwards 
10  make  [he  -water  boil  by  means  of  the  burning 
glafs. 

Tmb  acid  rapours  were  dcpolited  on  the  lides 
Cc  J  of 
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of  (he  rtcnrer  ID  white  Sowcn,  buc  ! 
fbl  than  in  the  fifth  cipcrimemi  and,  ia  fccne 
roifiuict,  ihcy  dcliqucfccd,  occafiooed  by  the 
bonudity  which  the  wsEcr,  tboogh  cold,  had 
furailhcd  unJcr  ihe  recriwr.  When  the  ve&Ii 
wrre  cooled,  the  abforpt'ion  of  m  was  fbuod  to 
be  nearly  equaJ  to  that  of  the  preceding  expeti- 
menu.  1  then  threw  the  focus  of  the  kns  oa 
the  water  contained  in  the  cap,  and  made  it  boiL 
The  vapour  wai  immediately  diffufed  in  the  ana 
of  the  recerver,  and  colleded  in  drops  along  iti 
fides  ;  but  the  height  of  the  quickfiJver  was  n«- 
t)ier  increafed  nor  dimintfhed,  fo  that  the  volume 
of  MT  remained  exadly  the  fame. 

EXPERIMENT    VIII. 

To  TRY    WHKTHER    A  GftBATSR  QUANTITY  OF 

Phosphorus   can  bk   burnt    jh    a    given 
Quantity  op  Aik,  by  the  Aid  or  Wat£«. 

REDUCED  TO  VaPOUKI. 

I  EMPLOYED,  in  this  experiment,  the  fame 

two  agate  cups  as  in  the  preceding  cms  %  into 

one 
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one  was  put  a  Utile  diflilled  water,  and  into  the 
other  eighteen  grains  of  phofphorjs.  The  watet 
was  made  to  boil  by  means  of  the  burning  gUfs, 
and  I  then  kindled  the  phofphorus. 

No  more  than  feven  or  eight  grains  were 
burnt,  after  which  the  combuHion  ceafcd,  and 
it  was  not  poHJble  to  reanimate  it  by  the  help  of 
the  burning  glafs.  The  greater  part  of  the  un- 
burnt  phofphorus  remained  in  the  cup  i  fame 
portions  were  fublimcd  on  the  inner  fides  of  the 
receiver.  The  abforption  of  air  was  iS^  inches, 
i.  e.  ver^  nearly  the  fame  as  in  the  other  expe- 
riments. 

It  appears  evident,  from  thefe  experiments, 
that  the  diminution  in  the  volume  of  air  obfcrved 
during  the  burning  of  phofphorus,  is  not  owing 
to  the  abforption  of  water  which  was  contained 
in  it}  that  the  greater  or  fmallcr  quantity  of 
water  introduced  under  the  receiver,  and  com- 
bined with  the  enclofed  air,  makes  no  alteration 
in  the  phenomena  i  and  that  the  whole  dilfercnce 
which  refulta  from  it  is  to  have  the  acid  either 
concrete  or  fluid.    Not  that  I  would  deny  that 
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the  phofphortc  acid,  when  forming,  may  sttrad 
from  the  air  a  portion  of  the  moifture  with  whidi 
it  is  loaded ;  It  is  even  very  probable  that  liiii 
realiy  happens ;  and  it  is,  doubtiefs,  on  accouu 
of  this  moifture  that  the  augniemation  in  weight, 
obferrcd  in  Experiment  V.  was  found  to  be  ra- 
ther greater  than  it  ought  to  have  been  from  the 
quaniiry  of  air  ablbrbed  ;  but  it  does  not  appear 
to  be  the  lefi  proved  by  every  thing  which  has 
preceded,  ift.  That  the  greater  quantity  of  the 
fubftance  abforbed  by  phofphorus  during  hi 
burning,  i,s  fomething  elfe  than  water.  2dlv. 
That  it  is  to  the  addition  of  this  fubftanoe  ihit 
the  phofphoric  acid  owes  its  Increafe  in.  we^ht. 
gdly.  That  to  the  fubtraftion  of  it,  the  diminu- 
tion in  the  bulk  uf  air  in  which  phofphorus  has 
burned  is  to  be  attributed.  A  concluding  eype- 
riment  which  I  would  introduce  by  fomc  preli- 
minary reflections,  will  I  hope  tarry  thefe  truths 
to  demonftraiion. 

I  SUPPOSE  a  bottle  or  fome  other  vefl^l  with 

a  narrow  neck  to  be  exadly  Blled  with  di(tiUed 

Water,  in  fuch  a  manner  that  it  woukl.iiotb6 

pofTible  to  add  a  Qngle  drop  more  without  its 

running 
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running  over  the  brim.  If  afterwards  fome  phol'- 
phoric  acid  be  introduced  into  ihi^  boctle,  or 
any  othtracid  in  a  ilateof  abfoluteconcenttatioiii 
that  is,  abfoluccly  deprived  of  water,  it  is  clear 
that  one  of  thefc  two  things  mufl  happen  ;  cither 
that  the  acid  muft  be  lodged  between  the  parti- 
cles of  water  and  be  combined  with  it  without 
increafing  its  bulk ;  or  rather,  which  is  more 
probable,  that  in  mixing  with  the  water,  it  will 
feparaie  the  parts,  and  a  greater  volume  than 
that  of  the  water  will  rcfult  from  the  mixture; 
there  would  then  be  a  quantity  of  fluid  greater 
than  what  the  bottle  could  contain,  and  this  ex- 
cefs  would  trickle  over  its  briin, 

Sui'POSiKC  the  quantity  of  acid  Introduced  to 
be  unknown,  it  will  not  be  difficult  to  deter- 
mine it  in  the  Brft  cafe  i  it  is  only  necefliiry  to 
weigh  the  bottle,  and  the  increalc  of  weight 
which  it  hai  acquirrd  will  be  equal  tothevcTghC 
of  the  acid  wtuch  has  been  added. 

The  circumftances  will  diffiir.  in  the  fcccmd 

cafe ;  fur  to  have  the  quantity  of  acid  which  has 

been  introducetl  into  the  bottle,   we  ought  to 

add 
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add  to  the  incre afe  of  weight  which  *it  has  ac- 
quired, the  weight  of  the  fluid  which  may  have 
run  over  its  brim :  but  it  will  always  be  certain, 
and  we  may  regard  it  as  demonftrated  that  in 
both  cafes  the  quantity  of  acid  added,  if  it  be 
not  greater,  is  at  leaft  equal  to  the  augmentation 
in  weight  which  the  bottle  has  acquired.  Thde 
reflexions  will  naturally  apply  to  the  fdlowing 
ttperiment. 


EXPERIMENT    IX, 

An  Examination  cFf  the  relative  Weight 
OF  Phosphoric  Acid  with  Distilled  Wa- 

TER,    AND     THE    CONSEQUENCES    DEDUCIBLE 
rROM  THENCE. 


IN  the  middle  of  a  large  glazed  earthen  difli, 
I  placed  a  fmall  agate  faucer,  and  covered  the 
whole  with  a  great  glafs  receiver,  but  in  fuch  a 
manner  that  the  margin  of  the  di(h  fliould  ex- 
tend farther  than  that  of  the  receiver.  Both 
veflels  had  been  previoufly  moiftened  with  fome 

diftiUed 
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di^illed  water.  The  apparatus  having  been  thus 
difpofed,  I  put  in  the  agate  faucer  two  or  three 
grains  of  phofphorus,  and  inflamed  it  by  means 
of  the  blade  of  a  knife  moderately  heated,  which 
I  pafled  under  the  receiver  and  touched  the 
phofphorus  with  it.  As  ibon  as  the  inflamma*' 
tion  began,  a  very  thick  column  of  white  va*^ 
pours  arofe  from  the  phofphorus,  and  was  dif*^ 
fufed  in  the  receiver;  buc  it  was  remarkable 
that  though  the  receiver  was  merely  placed  on 
the  di(h,  and  did  not  even  touch  exadly  in  all 
its  points,  the  vapour  which  circulated  within 
it,  inftead  of  being  driven  out  by  the  rarefaction 
occafioned  by  the  heat,  f(;cmed  on  the  contrary 
to  be  puflied  inwards  by  ithe  currents  of  external 
air  which  were  introduced  under  the  receiver. 
This  circumftance  however  did  not  prevent  a 
fmall  quantity  of  vapours  from  efcaping  at  fome 
other  moments. 

An  hour  was  necelTary.to  cotidenfe  the  whole 
of  the  vapours  contained  under  the  receiver  ^ 
after  which  I  recommenced  the  fame  operation, 
only  taking  care  to  moiften  the  receiver  ag^n 
either  with  dtftilled  water,   or  the   fame  water 

which 
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which  had   been  alrradjr  employed,  and   wfiidl 
becans  more  and  more  acid. 

It  is  proper  to  ob&rve  that  at  the  end  of  each 
combuftton,  there  always  remained,  in  the  boc- 
torn  ot'  the  fauccr,  fome  portions  of  yellow  mai- 
ler, of  which  I  hare  before  fpokea,  and  which 
confift  of  half  decompofed  phofphorus  j  I  took 
particular  care  to  lay  this  afide.  I  coocinued  to 
burn  phofphorus  in  this  maniKr  to  the  amount 
of  two  drachms  forty-two  grains-,  when,  havu^ 
walhcd  and  dried  the  yellow  matter  whtcb  re- 
mained, its  weight  was  thirty-two  gra'ioti  the 
quantity  of  phofphorus  therefore  which  had 
been  burned,  was  in  reality  no  more  than  cwa 
drachms  ten  grains. 

The  liquor  rcfulting  from  this  operation  w« 
clear  and  limpid,  without  colour  or  (inell,  and 
had  an  acid  tafte  like  that  of  oil  of  vitriol  diluted 
with  a  large  quantity  of  water.  It  was  evident 
that  this  liquor  was  only  diftilled  water,  into 
which  a  certain  quantity  of  phofphoric  acid  h»i 
been  introduced ;  and  I  was  able  to  apply  co  ic 
the  refie£tion3  which  preceded  this  apermienc. 
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I  AccoKDtNOLT  toolc  a  phial  capable  of  con- 
laining  all  the  phofphoric  acid  which  [  had  ob- 
tained, and  having  put  the  acid  into  it,  as  thpre 
ftjll  remained  a  fmall  void  fpace  between  the  li- 
quor and  the  neck  of  the  bottle,  I  filled  it  up 
with  dillilled  water,  and  tied  a  thread  exa&ly 
level  with  the  furface  of  the  liquor.  The  bottle 
having  been  put  into  the  I'cales,  the  weight  of 
acid,  cxctufive  of  the  bottle,  was  6  ounces,  7 
drachnu,  69^  grains. 

The  bottle  was  afterwards  cmpiifcd,  and  very 
carefully  cleaned  and  then  Blled  with  diflilled 
water  up  to  the  fame  mark.  The  weight  of  this 
water,  allowance  being  made  for  that  of  the 
bottle,  was  found  to  be  6  ounces,  4  drachms, 
42  grains,  which  makes  the  cxccfs  of  weight  in 
the  acid  above  that  of  the  diftillcd  water,  3 
drachms,  27!  grains. 


It  is  dear  from  what  has  been  faid  above, 
that  an  cxccfs  in  weight  of -3  drachms,  27I  grains, 
{hews  at  lead  that  there  cxided  that  portion  of 
acid  in  the  liquor,  even  upon  the  mod  unfavour- 
able  fuppoQtions  -,  vet  the  quantity  of  phofphorus 
employed 
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CHAPTER    X. 

EXPERIMENTS  oa  COMBUSTION  amb 
DETONNATION  n  VACUO. 

IF  the  conriiaftin  of  pha^Aorui  coofift  dEai. 
ibOf,  as  the  pfcadiag  cipuimLBtt  fiiooU 
6en  so  prow,  m  the  ibfarpaoa  of  air,  or  fame 
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other  elaftic  fluid  contained  in  the  nir,  it  (hould 
tliercfore  refult  that  the  burning  of  phofphonis 
cannot  be  performed  without  air,  and  confc- 
quentljr  cannot  take  place  in  the  vacuum  of  an 
air  pump,  and  I  was  curious  to  procure  myfcif 
this  addition  of  proof. 


EXPERIMENT    I. 


To  TRY  TO  BURN  pHOSPHORUS  IN  VaCUO. 


A  LITTLE  piece  of  phofphorus  was  placed 
under  the  receiver  of  an  air  pump,  and  as  per- 
fect a  vacuum  was  made  as  the  machine  would 
admit  of.  I  then  threw  the  focus  of  a  lens  of 
8  inches  diameter  on  the  phofphorus  {  ii  imme- 
diately ful'cd,  bubbled  and  acquired  a  colour  ra- 
ther of  a  deeper  yellow  than  before;  at  length 
it  fublimed,  but  it  did  not  burn  at  all.  Having 
admitted  air  into  the  receiver,  and  having  tailed 
the  watery  vapours  which  adhered  internally  to 
its  £des,  I  did  not  even  fin'1  them  fenlibly  acid; 
from  whence  it  is  plaia  there  htd  been  no  com- 
buftion, 

EXPE- 
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Sulphur    in    Vacuo. 

SULPHUR  cxpofed  in  the  vacuum  of  an  air 
pump  to  the  heat  of  a  burning  glafs,  fublimed 
like  the  phofphorus»  nor  was  it  poflible  to  fet  it 
on  fire. 


•  «■ 


EXPERIMENT    III. 
Gun-Powdter    in    Vacuo. 

• 

SOME  gun-powder  was  placed  under  the  re- 
ceiver of  an  air  pump,  and  as  perfect  a  vacuum 
made  as  could  pofTibly  be  efFc£tcd.  The  focus 
of  a  burning  glafs  being  afterwards  thrown  up*, 
on  the  powder,  it  fufed,  the  fulphur  was  fub- 
limed to  the  top  of  the  receiver,  but  it  neither 
took  fire  nor  exploded.  I  made  ufe  alfo  la  this 
experiment  of  a  lens  of  eight  inches  diameter. 

Having 
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Having  introduced  a  fmall  quantity  of  air 
under  the  receiver,  aboiit  a  twentieth  part  of 
what  it  was  capable  of  containing,  the  explorion 
was  eafily  made,  with  a  noife  nearly  fimilar  to 
that  of  the  burfting  of  a  thin  bladder.  The 
Doifc  was  proportionably  lefs  as  the  receiver  was 
larger. 

EXPERIMENT    IV. 

>TiTRS  AND  Sulphur  in  Vacvo. 

EQUAL  parts  of  nitre  and  fulphur  do  not 
produce  any  kind  of  exploflon  in  vacuo.  The 
fulphur  fublimes  without  burning  in  the  fame 
manner  as  if  it  were  unmixed. 


Dd 
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CHAPTER    XL 
Of    air    in    which    PHOSPHORUS 

HAS     BEEN     BURNT. 


EXPERIMENT    I. 
The  Effect  of  Air,  in  which  Phosphorus 

HAS  BEEN  BURNT,    ON  AnIMALS. 

A  QUANTITY  of  air  which  had  been  dimi- 
niihed  -J^  in  its  bulk  by  the  burning  of  phof- 
phorus,  was  cranfmiued  into  ajar  by  means  of  the 
pump  PP,  and  by  an  apparatus  nearly  (imilar 
to  that  of  fig.  10.  I  threw  a  bird  into  it  and  left 
it  there  a  full  half  minute.  I  did  not  perceive 
that  its  refpiration  was  more  difficult  than  in  com- 
mon air,  nor  did  it  (hew  any  figns  of  being  in- 
jured. We  may  recoUeft  on  the  contrary  that 
an  animal,  of  the  fame  fpecies,  being  put  into 
fixed  air,  perilhed  almoft  on  the  firft  infpiration. 

EXPE- 
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EXPERIMENT    II. 

The  Effect  of  Air,  in  which  Phosphorus 
.  :  has  been  bur.ht,  on  lighted  c&ndles. 

ANOTHER  portion  of  the  fame  air  was 
thrown  into  a  narrow  jar,  and  a  lighted  wax  can- 
,  die  plunged  into  it.  It  was  inllantly  exiinguifli- 
.edi.ta  in  elaftic  Bold  from  eflFervefcences  and 
;  rcduiEtioos.  The  candle,  having  been  fcveral 
times  lighted  anew,  it  was  conftantly  extiaguifh- 
ed;  I  obferved,  however,  that  this  experiment 
■  could  not  be  fo  frequently  repeated  in  this  air, 
as  in  that  obtained  from  efiervefcing  mixtures 
and  rcduAionsi  which  induces  me  to  believe 
that  it  is  more  eafily  and  readily  mixed  with  the 
air  of  the  atmofphere  •. 


*  This  air  was  not  pare  fixed  air,  but  commoa  air  in  a 
ftateof  decompoiition,  and  from  which  a  fliare  of  its  fix- 
able  part  had  been  abforbed  by  the  phofphorus.    T.  H. 
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EXPERIMENT     IH, 
To  MIX  A  PoKTiON  OF  Elastic  Floid  rtoii 

AN    EfFERVESCINC    MlXTORE,   WITH  Alt  U 

WHICH  Phosphorus  has  been  burnt. 

1  HAD  the  curiofity,  relative  to  fomc  Ticm 
of  which  I  Ihall  give  an  account  another  liioe; 
to  obfervc  whether  the  mixture  of  one-chird  of 

elaftic  fluid  from  an  cfiervefcing  mixture,  vrouU 
correfl:  the  air  which  had  been  employed  for  tir 
burning  of  phofphonis,  and  reftore  to  it  the  pio- 
perty  of  fupporting  flame.  A  narrow  jar  ira 
filled  with  a  mixture  of  them,  and  a  candk  in- 
troduced into  itj  but  it  was  immediacy  cxtja- 
gutftied. 
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NUMBER     I. 

MEMOIR 
On   the   nature   or   the   PRINCIPLE 

WHICH  tS  COMBINED  WITH  METALS  DURING 

THEIR  CALCINATION,  and  occasions  am 
INCREASE  IN  THEIR  WEIGHT*, 


Acad  btfan  Ou  Rotal  Acahimy 
M.  Lavoimir. 


Aptil  26tb,  by. 


DO  there  exift  different  fpccies  of  aJr? 
Is  it  fufficicnt  that  a  body  be  in  a  ftate 
of 


*  THt  Itrll  experiments  relidve  to  thii  menotr  hive 
[  be«D  mtit  kbore  a  yar  tgo  i  ihofe  «n  ihe  mncBriui  frt- 
■atui  fwr/i,  were  lirft  Cried  with  a  burning  glaft  in  the 
'  Bonth  of  November  1774,  inU  afurw.inli  made  widi  all 
I  necclTary  preuntloni  and  care.  In  the  laboratory  of 
Mtnt'^nj,  ia  caDJtmfUoo  with  M.  de  Trudune  on  ifae 
18th.  of  February,  iuid  the  ifl.  aad  id.  of  March  of  thli 
yen;  and  were  finally  repeated  agiin  the  31ft.  of  lail 
March,  in  prefcncc  of  M.  the  Dnke  dc  la  Rochefoucauld 
M.  de  Trudiinc,  M.  de  Montijny,  M.  Macijucr,  and 
M.  Cadet. 
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of  permanent  cxpanfibility*  to  conftitute  a  fpc- 
cicsofair?  And  laftly,  are  the  diSferent  kinds 
of  air  which  nature  affords  us,  or  which  we  are 
able  to  form,  fubflanccs  diftinfl:  of  themfelves, 
or  modifications  of  atmorpheric  air  ?  Such  are 
the  principal  queftions  which  appertain  to  the 
plan  which  I  propofed  to  myfelf  to  lay  before 
the  Academy :  but  the  time  devoted  to  our 
public  meetings  not  permitting  me  to  treat  ao^ 
queftion  in  its  full  extent,  I  Ihall  confine  myfelf 
to  day  to  one  particular  cafe  only,  and  limit  my- 
felf to  fhew  that  the  principle  which  is  united  to 
metals  during  their  calcination,  which  increafcs 
their  weight,  and  which  conllitutes  them  in  the 
(late  of  a  calx,  is  neither  one  of  the  conftituenc 
parts  of  the  air,  nor  a  particular  acid  difFufcd  in 
the  atmofphere  -,  that  it  is  the  air  itfclf  undivided, 
without  alteration,  without  decompofition,  to 
fuch  a  degree,  that  if  after  having  been  engaged 

in 

*  This  word  is  at  prefent  generally  received  among 
philofophers  and  chemills,  fince  a  modera  author  has  efta- 
blifhed  the  meaning  of  it,  in  a  very  elaborate  article  replete 
with  views  the  moll  cxtenfivc  and  new,  and  whkh  beai'in  e- 
very  part  the  maric  ofgenius.  Vide  Encyclopedie,  Tome  VI. 
p.  274,  at  the  word  txfanfiiHiii, 
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in  this  combination,  it  be  fct  at  libcrtj',  it  'w  f<- 
porated  more  pure,  more  refpirable,  it  I  may  be 
permitted  to  ulc  the  cxpreHion,  than  the  atr  of 
the  atmofphere,  and  \i  more  proper  to  fuppoit 
flame  and  the  combufVion  of  bodies. 

Most  of  the  metallic  calces  are  not  reduced^ 
thu  ti  to  fay,  do  not  return  to  the  flate  of  a.  me- 
ca)(  without  the  immediate  contact  of  charcoal* 
or  Tome  other  fubfiance  which  contains  what  is 
called  phk}gifton ;  the  charcoal  which  is  employ- 
ed is  wholly  deftroycd  in  this  operation,  when 
the  quantity  is  well  proportioned,  and  confe- 
queatly  the  air,  which  is  feparated  in  metallic 
leduftions  cHedird  by  charcoal,  '»  not  a  fimple 
being,  but  is,  in  Tome  degree,  a  combination  of 
the  claflic  fluid  ll-parated  frtnn  the  mcial,  and 
of  that  difcharged  from  the  charcoal.  Thcre- 
fcre  becaufc  this  lluid  is  obtained  in  the  (late  of 
fixed  air,  we  have  no  right  to  conclude  that  it 
nifled  in  that  ftate,  in  the  metallic  calx,  previoui 
n  its  combination  with  the  charcoaL 

TNtai  reOc^ons  made  me  fenfible  how  eC 
faitial  ic  was  to  the  untolding  of  the  myftery  of 
the 
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the  ivdu^lioa  of  metallic  calces,  to  dired  all  my 
expcrimcnu  to  thofe  which  are  redacible  wtchoot 
addition.  The  calx  of  iron  afforded  mc  ch's 
property,  indeed,  of  all  thofe,  whether  natural 
or  artiiicUl,  which  we  have  cxpoicd  to  the  fbou 
of  the  great  burning  glafs  belonging  to  M.  le 
Regent,  or  to  that  of  M.  dc  I'rtidainc,  cbere 
was  not  one  but  what  was  therebjr  cocally  re- 
duced. 

Ih  coofcquencc  of  thi^  I  tried  to  reduce,  t^ 
the  afTiftance  of  a  burning  glafs,  fcvcral  kiodl 
of  calces  of  iron,  under  large  glafs  receivers  a»- 
vertcd  into  mercury,  and  I  became  able  to  iep»> 
rate  from  them,  by  this  meant,  a  great  quanritjr 
of  air-,  but  as  at  the  fame  time  this  air  WM 
found  to  be  mixed  with  the  common  air  con- 
tained within  the  receiver,  this  drcumftattoe 
threw  3  great  uncertainty  on  my  lefults^  oa 
proofs  to  which  1  fubmittcd  this  air  were  pa- 
fectly  coDclulive,  and  it  was  impoillble  for  me 
to  be  afTured,  whether  the  phenomena  which  I 
obtained  depended  on  the  common  air^  on  thai 
frparated  from  the  calx  of  iron,  or  on  the  com- 
Ifination  of  the  two  together.     My  defign 
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having  been  completed  by  thcfe  expfrlments,  I 
fupprcfs  the  derail  of  them  here  ;   they  will, 
fides,  find  their  proper  place  in  other  memoirs^  '1 

''1 
As  [hefe  difficulties  depended  on  the  very  na*  | 
ture  of  iron,    on  the  rcfriftory  quality  of  itij 
calces,  on  the  difficulty  of  reducing  them  wili 
out  addition,  I  confidered  them  as  infurmount^ 
able,  and  1  believed,  from  this  time,  that  I  ought 
(o  turn  my  atiention  to  another  kind  of  calx 
which  would  be  more  cafily  managed,  and  which' . 
had,  like  the  calx  of  iron,  the  property  of  beii^ 
reduced  without  addition.     The  mcrcurius  prtm 
tipitatus  per  ft,  which  ia  nothing  more  than  tT 
calx  of  mercury,  as  feme  authon  have  alrea< 
advanced,  ami  as  we  fhall  ftill  be  more  fully' 
convinced  by  reading  this  memoir  i  the  merct-' 
rius  preeipitatui  per  fe,   I  fay,    appeared  to  me 
proper  to  fulfil  completely  the  objeA  which  I- 
had  in  view.     Indeed  it  is  at  prefcnt  known  that 
ic  ii  reducible^  without  addition,  in  a  very  mo- 
derate degree  of  heat.     Although  I  have  fre- 
quendy  repeated  the  experiments  which   I  am 
going  to  relate,  1  have  not  thought  it  proper  to 
^ive,  at  this  time,  a  detail  of  each  of  thetn  in 
particular, 
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particular,  for  fear  of  fwelling  this  memcHF  too 
much,  and  I  have  thrown  together,  in  one  re- 
cital, the  circtunitances  which  belong  to  fevej 
repetitions  of  the  fame  experiment. 

To  affure  myfclf  at  firfl,,  whether  the  mercu- 
rius  prccipitaius  per  fe  were  a  true  metallic  calx> 
whether  ii  yielded  the  fame  rcfults,  the  faioc 
fpecies  of  air  by  redufluon,  I,  in  the  firft  place, 
tried  to  reduce  it  by  the  comnaon  niethod,  or, 
to  ufc  the  reeeived  exprcflion,  by  an  addition  of 
phlogifton. 

I,  Acco&DiNGi.r,  mixed  an  ounce  of  thU 
calx  with  forty-eight  grains  of  powdered  char* 
coal,  and  introduced  the  whole  into  a  fmaU 
glafs  retort,  the  utmolt  capacity  of  which  did 
not  exceed  two  cubic  inches,  and  I  placed  it  in 
a  reverbcratory  furnace  proportioned,  to  its  fize. 
The  neck  of  this  retort  was  about  a  foot  in 
length,  and  three  or  four  lines  in  diameter;  it 
bad  been  bent  in  different  places,  in  an  enamel- 
Ier*s  lamp,  and  its  extremity  was  fo  difpoicd, 
that  it  could  be  brought  under  a  glals  receivcTp 
of  fufiicient  dimenfions,  filled  with  water,  and 
inverted 
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snerted  in  a  ciftern  filled  with  the  fame.     TUs 

apparatus,  (imple  as  it  is,  is  the  inoft  exaft  m 
it  has  neither  folder  nor  lute,  nor  any  paflage 
through  wfakh  air  might  be  introduced  or  iefca{>e. 

As  ibon  as  the  fire  was  pbced  under  the  re- 
tort, and  it  recetined  the  fifft  toipceflions  of  hett^ 
the  common  an*  which  it  contained  was  dilated; 
4ind  feme  little  of  it  pafled  into  the  cecetver  ^  but 
oonfidering  the  imallnefs  of  the  void  part  of  the 
netort,  diat  air  oould  not  make  znj  {cnfiUe  <r- 
ror ;  and  its  quantity,  ceckoniog  it  at  the  lM^cft« 
could  fcarcely  amount  to  a  cubic  aoch.    As  &oa 
as  the  retort  began  to  be  much  heated,  the  air 
was  ieparatied  wkh  much  rapidity,  and  amounted, 
through  tbe  water,  into  the  Deceiver.    The  0^- 
ndon  <Hd  not  laft  above  three  quarters  of  tn 
iiour,  and  yet  the  fire  had  been  kept  low  during 
that  time.    When  the  whole  mercurial  calx  was 
reduced,  and  tbe  atr  no  longer  continued  to  pafi, 
the  height  was  marked  at  which  the  wafier  itood 
in  the  receiver,  and  the  quantity  of  air  feparatod 
.was  fi3und  td  be  fizty-fbur  cubic  inches,  witbont 
teckoning  the  portion  winch  muft  neceilariiy 

have 
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have  been  abfot-bed   by  the  water 
thrtn^h  ic 


in  pal^H 


This  air  was  imtncdiaielf  fubmitted  to  a  great 
number  of  trials,  the  detail  of  which  I  am  obli- 
getJ  to  fJ^refs,  and  the  rcfults  were,  ift.  that  it 
was  fufceptible  of  being  combined  with  water 
by  agitation,  and  of  communicating  to  ic  all 
the  properties  of  the  acidulous  or  aerial  waters, 
fuch  as  ihofc  of  Sehzer,  Pougues,  BufTang  and 
Pyrmont,  Sec.  2dly.  that  animals  plunged  into 
■  it  perifhed  in  a  few  feconds;  3dly.  that  can- 
and  all  combuttibic  bodies  in  geiicral, 
were  cxiinguiflicd  in  it  inftantly  i  4thly.  that 
it  precipitated  lime-water ;  5thly.  that  ic  very 
'  readily  combined  with  alkalis,  whether  iixed  or 
volatile  J  that  it  deprived  them  of  their  cauftici- 
ty,  and  gave  them  the  property  of  chryftallizing. 
.  All  thefe  qualities  are  precifely  thole  (rfthat  fpe- 
cies  of  air,  known  by  the  name  of  fixed  or  c 
phitic  air,  fuch  as  is  obtained  from  all  tneu 
calces  by  the  addition  of  charcoal,  fuch  as  is  ^ 
parated  from  effcrvcfcing  and  fermenting  i 
and  it  was  therefore  contirmcd>  that  i 
-    -  predpitai 
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frecipUatus  per  Jc  belonged  to  the  clafs  of  me- 
ullic  calces. 

The  only  remaining  Inquiry  was  to  examiw 
ihU  calx  alone,  to  reduce  ic  without  addition, 
to  Ice  whether  it  yielded  any  air  by  that  method  % 
and  fuppofing  that  it  did  yield  it,  to  determine 
in  what  edate  that  air  might  be.  For  this  pur- 
pofe,  in  a  retort,  alfo,  of  two  cubic  inches  m  di- 
mcnfion,  an  ounce  oi  mcrcurius  prccipitatus  per  ft 
was  placed,  alone,  the  apparatus  was  difpofed  in 
the  fame  manner  as  in  the  preceding  experiment, 
and  I  fo  contrived  that  all  the  circumdances 
Ihould  be  exadly  fimilar.  The  rcdu6tion  was 
accomplilhed  this  time  with  rather  more  dilHcul- 
ty  than  by  the  addition  of  charcoal ;  it  required 
.more  heat,  and  the  effed  was  not  fcnfible  till 
the  retort  began  to  be  flightly  red  hot;  the  air 
was  then  fcparated  gradually,  and  paHed  into 
the  receiver,  and,  by  keeping  up  the  fame  de- 
gree of  heat  for  two  hours  and  half,  the  whole 
.of  the  mercury  was  reduced. 

The    operation    being   finiihed    there  were 

foiuuj,  on  one  part,  in  the  neck  of  the  retort, 

and 
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and  in  «  glafs  veflcl  which  was  placed 
the  water  under  its  beak,  fevcn  ounces  eightcca 
grains  of  mercury,  on  the  other  hand,  the  quao- 
tjiy  of  air,  which  had  paflcd  into  the  rrceivff 
was  found  to  be  fevcn ty- eight  cubic  inches  ;  and 
therefore,  fuppofmg  that  the  whole  loft  tt 
■weight  ought  to  be  attributed  to  the  air,  each 
cubic  inch  fhould  weigh  fomcthmg  lefs  than  two 
thirds  of  a  grain,  which  does  not  difitr  much 
from  the  weight  of  common  air. 

Having  thus  fixed  the  firfl  rcfults,  nothing 
row  remained,  but  to  fubmii  the  fevcnty-eight 
cubic  inches  of  air  which  I  had  obtained  to  all 
the  trials  proper  for  determining  its  nature,  and 
I  difcovered  with,  much  furprtze,  ift.  that  ic  was 
not  capable  of  combination  with  water  by  agita- 
tion-,  2dly.  that  it  did  not  precipitate  lime- 
water  ;  3dly.  that  it  did  not  unite  with  fixed 
or  volatile  alkahsi  4thly.  that  it  did  not,  ac  all, 
diminifli  their  cauftic  quality ;  sthly.  that  it 
would  fcrve  again  for  the  calcination  of  metals  i 
6thly.  that  it  was  diminifticd  like  common  air, 
by  addition  of  one-third  of  nitrous  air  i  laflly, 
ihat  it  had  none  of  the  properties  of  fixed  air : 
ftf 
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far  from  being  fatal,  like  it,  to  animals,  it  fbem* 
ed,  on  the  contrary,  more  proper  for  the  pur- 
pofes  of  refpiration  ;  candles  and  burning  bodies 
were  not  only  not  extinguifhedby  it,  but.  burned 
with  an  enlarged  flame  in  a  very  remarkabia 
manner;  the  light  they  gave  was  much  greater 
and  clearer  than  in  common  air.  All  thefe  cir« 
cumftances  fully  convinced  me  that  this  air  was 
not  only  common  air,  but  that  it  was  even  more 
refpirable,  more  combuftible,  and  confequendy 
more  pure  even  than  the  air  in  which  we  live.  > 

It  feems  to  be  proved  from  hence,  that  the 
principle  which  combines  with  metals  during 
their  calcination,  and  which  occaQons  the  aug^* 
mentation  in  their  weight,  is  nothing  but  an  ex* 
ceedingly  pure  portion  of  the  air  which  funrounds 
us,  which  we  refpire,  and  which  paflfes,  in  this 
procefs,  from  a  ftatc  of  expanfibility  to  that  of 
folidity:  if  then  it  be  obtained  in  the  ftatc  of 
fixed  air  in  all  the  metallic  reductions  when 
charcoal  is  employed,  it  is  to  the  charcoal  that 
this  eflfeft  (hould  be  attributed  -,  aod  it  is  very 
probable  that  all  the  metallic  calces  would  yield 
only  common  atr  if  we  could  reduce  them  all 

£  e  without 
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witliout  addition,  in  the  fame  manner    as  the 
mercuritts  pre  dpi  tat  us  per  fe. 

Every  thing  which  I  have  faid  of  the  air 
from  metallic  calces,  may  naturally  be  applied 
to  that  which  is  obtained  from  nitre  by  deconna- 
tion ;  it  is  known  from  feveral  experiments  al- 
ready publiQied,  mod  of  which  I  have  repeated, 
that  the  greater  pare  of  that  air  is  in  the  ftate  of 
fixed  air,  that  it  is  mortal  to  animals  who  breathe 
it,  that  it  has  the  property  of  precipitating  lime- 
water,  of  uniting  alone  with  lime  and  alkalis, 
of  rendering  them  mild,  and  caufing  them  to 
cryftallize  \  but  as,  at  the  fame  time,  the  deton- 
nation  of  nitre  does  not  take  place  without  the 
addition  of  charcoal,  or  of  feme  body  which 
contains  phlogifton,  it  is  very  probable  that  un- 
der this  circumftance  alfo  the  common  air  is  con- 
verted into  fixed  air  •,  from  whence  it  fhould 
follow  that  the  air  combined  in  nitre,  and  which 
produces  the  terrible  explofions  of  gun-powder, 
is  common  atmofpherical  air  deprived  of  its 
expanfibility. 

As  common  air  is  changed  into  fixed  air  when 

combined 
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combined  with  charcoal,  it  (hould  feem  natural 
to  conclude  that  fixed  air  is  merely  a  combina* 
tion  of  common  air  and  phlogifton.  This  is 
Dr.  Prieftlcy's  opinion  *,  and  it  muft  be  granted 
that  it  is  not  improbable  •,  however,  when  one 
defcends  to  a  detail  of  fads,  it  is  found  fo  fre- 
quently contradided,  that  I  think  it  neceflary  to 
defire  philofophers  and  chemifts  to  fufpend  their 
judgment ;  I  hope  foon  to  be  able  to  publiih 
the  motives  of  my  doubts. 


*  Dr.  Priestlby  has,  certainly,  never  delivered  tdch 
an  opinion  as  M,  Lavoifier  here  afcribes  to  him.  His  doc- 
trine isy  that  every  diminution  of  common  air  is  produced 
by  phlogifton,  and  that  this  diminution  is  owing  to  tte 
depofition  of  one  of  its  xonilituent  parts,  viz.  that  princi* 
pie  which  is  commonly  denominated  fixed  air.  But  Im 
has  never  confidered  this  fixed  air  as  a  compound,  but  ra« 
ther  as  an  elementary  body.    T.  H. 


E  c  2  N  U  M^ 
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An   ACCOlrt^T   of  Dr..  PRIESTLEY'S 

OPINION  RELATIVE  TO  THE  PRINCIPLE 
WHICH  18  COMBINED  WiTH  METALS  DU- 
RING THEIR  CALCIf^ATION,  AND  OF  HIS 

DISCOVERY  OF  DEPHLOGISTIC ATED 
AIR. 


IT  appears,  from  the  preceding  memoir,  ditc 
M.  Lavoifier  not  having  obtained  fatisfa6tory 
refalts  from  his  experiments  on  the  calces  of  iron, 
had  recourfe  to  tnercurtus  calcinatus  per  fe^  as  be- 
ing more  eafily  reducible  without  addition.  This 
fubftance  afforded  him  not  fixed,  but,  what  he 
imagined  to  be,  common  air,  in  a  ftate  rather 
more  pure  than  that  which  we  ufually  breathe ; 
and  this  circumftance  fed  him  to  conclude,  per- 
haps too  haftily,  that  the  air  obtainable  from  all 
the  metallic  calces,  if  it  were  poflible  to  reduce 
them  without  addition,  would  be  of  the  fame 

kinci. 
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Jiind,  and  that  the  fixed  air  which  is  produced 
from  rcJu^lions  ia  the  common  method,  don 
not  proceed  from  the  calx  but  from  the  charcoal*] 
employed  in  the  proccfi. 

Dr.  Pribstlev,  however,  differs  in  opinion 
from  his  ingenious  fellow  labourer  on  this  point. 
He  declares  that  fcvcral  of  the  metallic  calcet:| 
yielded  fixed  air,  by  heat  only,  without  any  ad- 
dition of  charcoal,  when  expofed  to  the  aflion  of 
a  large  burning  lens  of  twelve  inches  diameter 
and  twenty  inches  focal  diltance. 

This  excellent  philofopher  alfo,  from  whom 
M.  LavotiJcr  fccms  to  have  received  the  firfl  idea* 
of  exirafling  a  particular  kind  of  air  from  mtr- 
atrius  calcinaluj,  has  extended  his  rcfcarchei 
much  farther  into  the  nature  of  the  air  ohtaJnetl! 
from  that  calx.  Thel'e  inquiries  have  led  I 
lo  difcoveries  and  refledions,  relative  to  the  na- 
ture and  compofition  of  atmofpheric  air,  of  the 
highell  imporunce  to  phyfic«,  and  which  may, 
perhaps,  in  time,  prove  produ^ive  of  confe- 
quences  the  moll  beneficial  to  mank-ind.  Having 
L  e  3  obtained 

"  See  Priefllcy**  Experiracntt  and  ObfcrvBiioiu,  Vol,  U. 
page  ]6,  and  jio. 
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oboined  air,  from  mercurim  ealditatttSy  wIlIdG 
was  not  ablbrbed  by  water,  and  in  which  a  can- 
dle burned  with  an  enlarged  flame»  he,  at  firft, 
imagined  it  to  be  nothing  more  than  air  in  the 
fame  flatc  to  which  he  had  formerly  brought  ni- 
trous air  by  expofing  it  to  iron  filings  or  liver  <rf 
fulphur,  and  he  Ittilc  fufpe^ed  that  it  was  ot' 
that  fupcrior  degree  of  purity  which  he  has  fiott 
proved  it  to  poflefs.  He  afterwards  procured 
ur  of  a  fimiiar  kind  from  common  red  predu- 
fate,  and  fometimes,  but  not  uniformly,  ewn 
from  red  lead. 

Bv  a  gradual  train  of  experiments.  Dr.  Prieft- 
ley,  after  having  remained  for  fcveral  monib 
without  fufpicion  of  the  real  properties  of  thb 
air,  difcovered  that  not  only  candles  burned  ift 
it  with  a  more  vigorous  flame,  but  that  anloub 
lived  in  it,  ac  leaH;,  three  times  as  long  ai  in 
common  air,  and  that  when  they  were  widt- 
drawn  from  the  jar,  the  remaining  air  flill  conti- 
nued purer  than  that  of  the  aimofphert.  On 
trying  it  by  ilie  teft  of  nitrous  air,  he  found  it 
to  be  between  four  and  five  times  as  good  as  the 
air  we  breathe,  viz.  that  whereas  one  roeafore 
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of  nitrous  air  is  fufficient  <o  produce  the  utmolt 
pofllble  diminution  in  two  mcafures  of  common 
air,  an  equal  quantity  of  this  purer  air  required 
more  than  four  mcafures  to  cffcft  the  fame  dimi- 
nution. In  [he  courfe  of  his  experiments,  he 
arrived  at  the  power  of  procuring  air  even  purer 
than  thi«,  and  between  five  and  fix  times  as 
good  as  common  air.  This  property  of  abforb- 
ing  fo  large  a  proportion  of  nitrous  air,  he  judg- 
ed CO  depend  on  its  being  capable  of  taking  more 
phkigidon  from  that  bodyv  ^^  originally  contain- 
ing lefii  of  this  principle,  and  he  confcquently 
denominated  it  depbhgifticated  air. 

The  circumftance  of  the  red  precipitate^  or 
mtrcurius  corrofivus  ruber,  which  is  produced 
(rom  a  fulution  of  nwrcury  in  nitrous  acid,  yield- 
ing dephlogidicated  air,  induced  Dr.  Prieftley 
to  conclude  that  the  properties  of  this  air  might 
depend  on  (bmething  being  communicaccrd  to  ic 
by  the  nitrous  acid,  and  that  the  mercurius  eal- 
tinatus  had,  in  the  degree  of  heat  to  which  it  is 
cxpofcd  in  its  preparation,  attraflcd  fomcthing 
nitrous  from  the  aimofphere.  He  was  foon  con- 
firmed in  this  opinion,  for  endeavouring  to  ex- 
£  e  4  tnSt 
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tta.B  air  from  fome  red  lead  which  had  been  re* 
ceDlly  prepared  and  aHurdcd  ic  but  in  I'mill 
Quantity,  he  vfis  dclirous  of  bringing  ic  to  tint 
ftate  in  wliich  other  red  lead  had  yielded  it  |^ 
tifully ;  and  concluding  that  the  calx  mud  ini. 
bibe  fome  kind  of  arid  from  the  air,  he  moiftn- 
ed  three  fepavate  half  ounces  of  the  frefli  pre- 
pared minium  with  each  of  the  three  miRenl 
acids,  and  having  dried,  he  afterwards  cxpofed 
them  to  a  TufHcient  degree  of  heat  in  a  gun-band 
to  which  a  fuitable  apparatus  was  affixed.  Fn» 
the  parcels  moillened  with  the  vitriolic  and  ou- 
rinc  acids  no  air  was  produced,  but  from  that 
to  which  the  nitrous  acid  hud  been  added,  tnuch 
air  was  obtained,  the  greateil  part  of  which  was 
fixed  air,  though  there  was  alfo  a  confiderabk 
portion  of  the  dephlogifticatcd  fpecies.  In  tfad 
experiment  the  minium  had  been  repeatetUjr 
moidcned  with  nitrous  acid  and  dried  again,  but 
when,  afterwards,  ic  was  only  once  mcHftcned 
with  that  acid,  though  lei's  air  was  obtained,  it 
proved  to  be  almoft  all  of  the  dephlog^fliCTittd 
kind,  and  was  about  5ve  times  as  pure  as  com- 
mon air. 
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Hb  then  proceeded  to  try  different  fubflance^ 
and  procured  dephlogidJcated  nir  from  every 
kind  of  carcb,  which  h  void  of  phlogidon,  made 
into  a  pafVe,  as  above,  with  fpirtt  of  nitre.  The 
metallic  earths,  in  this  ftate,  and  chalk,  appear- 
ed to  be  the  bed  adapted  to  this  purpole.  When 
tliefe  fubftances  had  yielded  all  the  dephlogilli- 
cated  air  that  could  be  cxtraded  from  them, 
ihey  would  again  afTord  as  much  as  at  tirft,  oo 
being  moiHcned  with  tredi  fpirii  of  nitre,  and 
the  procefs  might  be  repeated  till  all  the  earthy 
matter  be  exhauAed. 

From  hence  Dr.  Pricftlry  was  led  to  conclude 
"  that  atmofplierical  air,  or  the  thing  that  we 
breathe,  confini  of  the  nitrous  acid  and  earth, 
with  (o  much  phlogidon  as  is  necelT^ry  lu  its 
riadicity  i  and  likewife  fo  much  more  as  is  re- 
quired to  bting  it  from  its  ftaie  of  perfeft  purity 
to  the  mean  condition  in  which  wc  find  Ic." 

DePMLOofSTicATED  air  does  not  only  fupport 

the  lives  of  animals  confined  i;i  it,  and  the  &A:r.t 

of  burning  bodtci  more  powerfully  than  common 

lur,  but  alio  CMveys  founds  with  (greater  force. 

An 
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An  cxploGon  of  two  thirds  of  inflammable  air 
mixed  with  rather  more  than  one-third  of  de- 
phlogiAicatrd  air,  fecmed  to  be  forty  times  loud- 
er than  when  made  with  two  thirds  of  acano- 
fpheric  air. 

Dr.  pRitsTLEY  has,  with  great  realbn,  form- 
ed very  high  expeflations  of  the  falutary  and 
ufeful  purpofcs  to  which  this  pure  air  may  be 
applied,  and  feeins  to  think  that,  in  rime,  it  may 
even  become  a  fafliionable  article  of  luxury. 
"  Hitherto,"  fays  he,  *'  only  two  mice  and  my- 
felf  have  had  the  privilege  of  breathing  it." 

Bv  thefe  cxtrafls  which  Doflor  PricKkf 
(with  that  friendly  diCpofition  and  that  defire  df 
contributing  to  the  improvement  of  icienc^ 
which  fo  remarkably  diltinguifh  him)  has  per* 
milted  me  to  make  from  his  recent  and  very  t8» 
luable  publication,  it  appears  that  he  chinks, 
contrary  to  the  opinion  of  M.  Lavoifier,  as  ad* 
vanced  in  the  laft  article,  that  the  prttjciple  im- 
bibed by  metals  during  their  calcination,  and 
which  conllitutes  the  increafc  in  their  weight,  i^ 
in  fome  inftances,  fixed  air,  and  in  others  nicrotu 

Kid, 
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acid,  attrSt^ed  by  them  from  the  common  air  in 
which  chcy  arc  calcined. 

It  alfo  appears  that  this  philnfopher,  inllead 
of  regarding  atmofpheric  or  common  air  (wheo 
free  from  the  foreign  matters  which  arc  alwrf)rs 
fuppofed  to  be  dlflblved,  and  intermixed  with  it) 
as  a  fimpk  elemenlary  fuijiance,  confidcrs  it  as  a 
mixture  of  fcveral  principles  capable  of  decom- 
pofition ;  and  that  he  has  difcovered  a  method 
of  compounding  common  rcfpirable  air,  by  ad- 
ding to  dephlugidicaled  air  fuch  a  quantity  of 
phlogidon  as  reduces  it  to  the  flatc  in  which  we 
generally  find  the  atmofphere  furrounding  the 
planet  which  we  inhabit. 

It  has  been  feen,  page  409,  that  M.  Lavoi- 
fier  having  embraced  the  hypotheHs  of  common 
air  being  converted  inio  Bxed  air  by  combining 
with  phlogifton,  imagined  it  probable  that  in 
ihc  dcronnation  of  nitre  or  of  gun-powder,  a 
convcrfion  of  the  common  into  fixed  air  might 
rcfult  from  the  charcoal  which  is  neceflary  to 
produce  the  explofion.  From  nitre,  heated  in  a 
gUfs  veflcl.  Dr.  Pricftley  procured  very  pure 
dcphlo- 
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dephlogifticated  air.  A  mixture  of  equal  parts 
of  brimftonc  and  nitre  yielded  air  which  was 
highly  nitrous,  and  as  the  produce  of  nitre  and 
charcoal  is  niirous  air,  he  concludes  that  tbii 
kind  o(  air  rs  alfo  produced  in  tlie  explofion  of 
gun-powder. 


I        N        D 


TO       T    H    « 


FIRST       PART. 


^CIDS,  in  w1»t  ifccir  tntilcpHc  virtue  confiitt.  Page  ^-r. 

■At/,  nitrauii  the  qasntitjr  of  air  produced  by  its  combi- 
niDOn  with  Mitiinon^,  i6.  ibroTbed  by  iu  combination 
with  pit  coal,  lUJ.  pit.'  „-<!  by  tu  eombinaiioD  with 
ItODt  ii'J.  abfoTbeJ  by  iti  combination  with  fatrctflitcf, 
itiJ.  the  Gombinaiioo  of  the  air  with  itt  vapoun,  i8. 
iu  raiatore  with  troo  ia  racno,  39.  its  tnixiarc  with  oil 
sf  camwayi  in  vacao,  <W.  iti  camUnation  with  the 
fiat  nlkali  in  ncuo,  4S. 

Attimm  pinguti  what,  64  fr  Tei].  Uoitei  with  lime  by 
heat,  66.  with  oili  ui  fulphxT,  &c.  i^id.  tt  (eq.  caofea 
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tea  cSentkatce  when  it  craponces  from  liw/b,  90. 
caoiitidiy  of  alkalis  de&rojed  by  its  evaporation,  Sg. 

j/iiJ,  Titriolic,  the  qoaodcy  of  air  produced  and  ^forbed 
by  its  combination  with  {al  ammoniac,  1  j.  of  air  prO' 
cored  by  its  mixture  with  oil  of  tartar,  19. 

^r,  SDiirepiic,  whence  it  acquires  that  property,   a  15, 

- —  arii6cia)  of  Boyle,  difengagcd  from  vegetables  by  fcr- 
mentattoD.  9.  accelerates  fermentation  under  fame  dr- 
cumilaDcei,  bat  retards  it  in  others,  10.  ii  fatal  to  aai- 
maJ<,  iiiJ.  b  not  always  the  (ame  procared  from  dif< 
ferenc  (ub&aDces, 

^fnr,  common,  or  atmofpheric,  tii  diminution  limited,  31. 
K  cnKrs  iDt»  the  compofibon  of  bodies,  26,  iiS.  ia  the 
cement  by  which  they  are  held  together,  z6,  47.  hoi*  it 
exifb  in  bodies,  72.  we  are  but  acqaainted  with  few  of 
its  properties,  9;.  a  true  fulvent,  96.  its  elailicity  not 
a  certain  character! lUc,  iiiJ.  ita  mixture  with  cauftic  al- 
kalis doe«  not  give  them  the  property  of  effervefcing, 
103.  its  gravity  not  always  in  proportion  to  the  diminn- 
tion  of  its  bulk,  133.  is  partly  abforbed  by  boiling  wa- 
ter, 173.  the  properties  of  the  remainder,  174.  maybe 
kept  a  loug  while  confined  without  alteration,  i£rJ,  h, 
according  to  Monfieor  Baume,  identic,  zio.  diflolvcs 
oily  fubllances,  211.  is  equally  a  folvent  for  a  great 
number  of  fubltances,  zi6&fe(]. 

jlir  corrupted  by  the  putrefadion  of  animal  fnbAanoei,  in 
dimiaucion,  14a.  precipiutes  lime-water,  14}.  the 
means  to  render  it  wholefome,  145.  its  mixtuie  widi 
the  air  from  the  dctonnacion  of  nitre,  147.  with  fixed 
air,  148. 
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Air,  fixed,  iu  definition  sccording  lo  Dr.  Black,  39.  its 
combination  with  lime  forms  calcareout  earth,  40.  its 
affinity  to  diflcrFnt  Tublbace],  42.  may  be  united  wiib 
mctali  in  theit  precipitation  from  acid*,  4$.  extiogatlhct 
flame,  47-  it  Jircagaged  ftntn  putrefying  Tubllancei,  51. 
rcnorci  to  caullic  alkalta  the  property  of  rKervefccnce,  ji. 
cryllallixes  aikalit.  ;j.  enters  into  [he  compofmon  of 
flelb,  j^V.  fwevieni  putrid  flc<h,  $4.  (he  application  of 
iu  theory  to  the  phenomena  of  digellion,  ihiJ.  in  what 
it  difiers  from  atmofphcric  dir,  $5.  i«  found  abundantly 
in  the  atroorpliere.  ;6.  when  refpired,  ii  fatal  to  ani~ 
mall,  59.  water  with  which  it  it  combined,  ihiJ.  (fee 
ilt  propettie*  under  the  article  Water  impTegnatcd  with 
fixed  ail)  ii  unitet  with  fpirit  of  wine  and  oil*,  ;S.  the 
<]uan[ity  difcngagcd  from  calcareou)  earth  by  calcina- 
tiDa,.7i.  the  name  of  fised  air  improper,  114.  the  air 
in  the  well*  at  Uuecht  is  in  a  fix«d  Date,  11 H.  u  found 
0T«r  rcrmcniing  beer,  i::.  combinei  with  tlie  fumn  of 
fulphnr  and  refint,  iij.  doc*  not  mix  with  the  fmoke  of 
burning  wood,  114.  doc*  not  incofporau  with  the  fmoke 
of  gnn-pondcr,  ibi4.  extinguilhc*  lighted  candle*  and 
coab,  11  not  entirely  ablbrbcd  by  water,  ihid.  it*  effrti 
on  %  mixture  of  iron  and  fulphur,  1:7.  upon  ani- 
mal*, ibid,  upon  vegcublct,  119.  ii  difcngaged  from 
duUc  by  calcination,  i;o.  tliat  procured  from  wood 
contain*  forae  inflammable  air,  il/td.  \\%  combtaatiaa 
with  inflammable  air,  13S.  with  nitroui  air,  i{4.  con- 
tain* no  acid,  ■  7{.  the  ([uantity  of  ic  contained  in  the 
fpringt  of  London,  174-  cffejU  of  walhlag  it  in  rain 
wucr,  175.  KeRcAioni  of  Monficiu  Ronclle  npon  that 
difdurged 
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difcharged  from  bodies,  191.   this  air  is  in  a  ftate  ofto^ 
lution  in  water  impregnated  with  fixed  air,  198.    it  if 
favoorable  to  ve^getation,   iM,    its  common  properties 
with  atmofpheric  air,  202.  its  comprefiibilityy  206.  ifa 
weight,  iM.  that  difcharged  by  fermentation  the  fiune  ' 
as  that  from  effenrefcence,   iM,    its  properties,    207. 
does  not  change  the  colour  of  fyrap  of  violets,  206.  its 
mixture  with  wine,  207.   that  icparated  by  effervefcence 
is  not  inflammable,  iM.  in  what  that  from  effervefirence 
differs  from  common  air,  iM.  difengaged  t^  eflferref- 
cence  cirries  along  with  it  different  fubftances  which  it 
holds  diflblved,  211.  is  the  fame  whether  procured  from 
chalk,  fixed  or  volatile  alkalis,  or  fermentation,   205. 
pn^rties  of  thi^  laft  fort,  206.  procured  from  lemen* 
tatkm  carries  along  with  it  different  fubftances  which  it 
holds  in  a  ftite  of  folution,  212.   according  to  Moafiear 
Baume,   is  atmofpheric  air  differently  modefied,    210. 
impropriety  of  its  name,  iM.     See  Water  impregnated 
with  fixed  air,  Air  feparated,  and  Elaftic  fluid. 

Jir  in  which  candles  have  burned,  its  dimintttioo  in  bnik, 
131.  the  bounds  of  its  diminution  proportionable  to  the 
fize  of  the  receiver,  132.  precipitates  lime-water,  iM. 
its  cffed  upon  animals,   1 34. 

Jir  in  which  fpirit  of  wine  or  ^'Ether  has  burned,  precipi* 
tates  lime-water,  132. 

^ir  in  which  coals  have  burned,  diminiffies  one- tenth  of 
its  bulk,  162.  the  effedt  does  not  take  place  when  the 
coal  has  been  perfectly  calcined,  iM.  precipitates  lime- 
water,  extinguifhes  fiame,  and  is  fatal  to  animals,  €6^* 

its 
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iti  mixture  with  nitrous  air,  164.  i«  not  tlieo  rufceptibla 
of  furdier  diminution,  ihiJ.  See  alfo  Vapour  from 
burning  coal.  ■ 

^ir  in  which  futphur  has  burned,  13d.  diminauori  of  it> 
bolk,  131.  the  bounds  of  its  diminution,  ijz.  it  b 
proportioned  to  the  fixe  of  the  receiver,  iiid,  its  effeA 
upon  animals,  134. 

Jir  in  which  a  mixture  of  iron  filings  and  brimfione  hai 
flood,  149.  its  diminution,  150.  does  not  precipitats 
lime-water,  liii/.   it«  effaA  upon  animals,  151. 

Jir  in  which  metals  have  been  calcined,  164.  its  diminution 
inbulk,  i£{.  is  ^tal  to  animals, ;W,  does  not effervefce 
with  nitrous  air,  iiid. 

Jif  feparated,  11.  Dr.  Hales's  method  of  meafuring  it, 
13.  his  experiments  on  a  great  number  of  fubftances, 
13  &  feq.  its  fpedlic  gravity  to  that  of  tartar,  zo.  it 
may  be  united  with  water,  iz.  its  filtration  through 
flannels  foaked  in  fait  of  tartar,  14.  doei  not  differ,  ac> 
cording  to  Dr.  Hales,  from  atmofpheric  air,  aj.  tha 
opinion  of  Boerhaave  oa  air  feparated  from  bodies,  37. 
a  defcription  of  his  apparatus,  38.  his  experiments  upon 
different  fubftances,  iq. 

Air  feparated  by  elftrvefccnce,  68.  the  tStcSi  of  that  fe- 
parated from  thtf  detonnation  of  nitre  upon  inHammabla 
bodies,  and  upon  animals,  173.  air  difchargod  frani 
bodies  is  in  two  ftatA,  viz.  fixed  and  ifflammablt,  194. 
Gtrries  with  it  different  fubflancer,  which  it'hoMs  dif> 
iblved,  212. 

Jir  difclutrged  from'  metallic  folutiont,  is  not  mifciELi  wU^ 
tvater,  206.  doet  not  combine  with  lime  «  cwftic  a^a- 
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lis,  liU,    in  uhai  it  iiSert  from  atmo^keric  ^i 
«xperiineD»  upog  lliai  feporacctl  from  iron   by  tke  Wtv- 
lie  3.cid,  f^i'i/. 

^/r  Teparatcd  from  a  metallic  folution  by  cho  fpiric  of  bl; 
63  and  167.  i>  e&fily  abrorbcd  by  vater,  168.  reodtn 
lime  water  turbid  without  predpiiatiog  it,  itiJ,  ilutx 
is  nothing  but  the  fpint  of  fait  in  vapour,  169.  iu  gn- 
vity,  170.  iu  mixture  with  the  vapours  of  fjurit  of  mi 
and  oil.  &C>  yields  inftammable  air,  itid.  iam- 
pofn  faltpctrc,  >tiJ.  it  it  abforbed  l>y  alnolt  all  liqa^ 
171- 

Air  from  putrefaAion,  that  feparaicd  from  putrid  vegetakb 
is  moflly  inflammable,  140.  particuUr  circnmOuiCc*  R' 
laiing  to  that  leparttied  ftoia  cabbage  by  frnimiatiai 
147.  how  that  from  putrid  animal  matterj  is  oboii^ 
146.  a  patt  of  it  may  be  abforlvd  by  water,  tlw  ret  ■ 
inflammable.  iiiJ. 

Air  idlatauiablc,  13;.  means  to  obtain  It,  136.  it  miTk 
procured  in  3  greater  or  lefs  degiee  from  the  £u&e  b«df, 
according  ta  the  circumilances  of  the  operation,  liiA 
it  penetiaus  velfels,  1J7.  means  10  kcrp  it,  iUd,  a 
combinaiion  with  water,  ikiii.  cannot  entirely  bf  A- 
forbed  by  water,  iliii.  what  remains  UDabforbei  >> 
more  infiammable,  it>4l.  particular  circamtlaacei  (A- 
icrning  that  procured  from  wood,  138.  ita  efie£tt  gw 
animals,  iliiJ,  its  combinatioo  with  difiiiTeot  hin^  m 
nrill  not  unite  with  acids,  Hid.  its  mixture  with  aiotiii 
air,  137.  the  quantity  of  it  afforded  by  every  taeoL 
159.  metal*  will  not  olcinc  in  this  air,  ijS.  it  bmV 
procured  from  a  folution  of  iryii  by  the  ipirit  of  Uu 
»6t 
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,  i6].  «rperiaenM  on  tlut  (tpuxud  from  putrid  aitiniBl 
.fublUn.CCii  i'}^-  rcflcftioiu  or  Moof.  Rouellt  CD  ioflaoi- 
ir,  196  Ic  (eq.  it  it  Moof.  Biutne'i  opinian 
,4eUtivc  to  ii,  II V 

rNitroui,  ihr  means  to  obtain  tl,  i;i.  its  mixture  with 
^common  nir,  tjz.  it*  diminuiiaD ;  to  ivhai  it  oaght  to 
be  uttibuud,  lii^t.  iu  mixture  with  different  kindi  rif 
1^4.  it)  conbioation  willi  water,  155.  the  eD'tft 
of  a  mixture  of  iron  lilingi  and  bn'mAonC)  156.  it*  mlX' 
^ture  with  iofluntniible  air,  157,  a  linguUr  phenomcnoa 
Klaiire  to  iti  fpccific  gravity,  1  jS.  iu  eflVA  upon  vege- 
blblM,  Hi  J.  ill  an  tifeptic  virtue,  iiiJ.  the  cfi'riU  of  the 
Calciiuuion  of  metali  upon  ailrou*  air,  iiiJ. 
■  from  fermentatioa,  171.  its  cfFe&  on  iDRunmable 
.bodJci,  kod  upon  aniniaJi,  ittJ. 

a  wkidi  animali  have  brrathcd,  it*  coimlMnit*Dn  witii 
.  iBRunmable  air,  139.  tti  cfleA  upon  other  aoimali,  140. 
it  pTCcipitaicf  lime  watET,  1^1.  it  may  conte  into  con- 
,ta&  with  water  without  being  ubforbed,  141,  in  affinity 
IrtD  which  animnti  have  putrificd,  litJ. 
ifj,  thccaulcof  their  corruption,  according  to  V'an 
HcltaoDi,  7.  experiment*  upon  nlimentary  mixturci, 
S4- 

t  Fixed,  tiuif  combination  with  diHillod  vioegar  ud 
cdi  of  nuiol,  39.  how  lime  reuden  them  cauitic,  ac- 
<crdiBg  to  Dr.  BUck,  40.  their  mixture  with  the  iiitroui 
^-acid  in  vicoo,  48.  thcjr  crjrftallize  when  tkty  Cont:un  a 
iiiBicicnc  qiutiEy  of  fixed  air,  {j.  the  tiuaniitjr  of  air 
[tbey  coituin,  60.  they  dccompofc  Itme  acconliog  to  Mr. 
Fft  Meyer, 
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Meyer,  65.   fubmitted  to  the  apparatus  of  Dr.  Macbride» 
they  increafe  in  weight,  92.    they  will  not  boil  in  the 
vacuum  of  an  air  pump,  105.   the  air  feparated  from 
them  is  the  fame  as  that  from  chalk  and  fermentine  fab- 
ftances,  204  and  205.   their  properties,  205.    their  or* 
,ftallization  obferved  by  Monf.  Dnhamel  in    1747,   '^ 
alkali's  fixed  cauilic,  do  not  efFervefce  with  adds,  ac« 
cording   to  Do^or  Black,    39.    cannot  be  cryftallhed, 
find,   according  to  M.  Crans   they  do  efferrefce  with 
acids,  63.   by  the  apparatus  of  Dr.  Macbride  they  rt- 
cover  their  properties  of  efFervefcence,  41  and  89  8c  (eq. 
theory  of  the  phenomena  they  produce,  76.    their  ebul- 
lition in  vacuo,  105.   their  incrcafe  of  weight  accor^g 
to  Dr.' Macbride,    91.     the  vapours  from   fermentinr 
fubflances  rellore  to  them  the  properties  of  effervescence 
and  cryftallization,  107  k  fcq.    the  vapours  from  putit^ 
fadion   partly  produce  the  /ame  effefb,  110  and  iii. 
the  effccb  of  Gravcfand's  condenfer  upon  them,  106. 
their  property  of  not  effervefcing  comes,    according  to 
Mr.  Smeth,  from  fome  additional  fubftance,  107,    their 
mixture  with  common  air  docs  not  give  them  the  proper- 
ty of  effervefcence,  106.    but  that  on  the  contrary  which 
has  pad'ed  through  burning  coals  does,  1 19. 
Alkalis  Volatile,  how  lime  renders  them  cauftic  according 
to  Dr.  Black,  41.   the  air  which  refults  ^m  their  com- 
bination with  vinegar  does   not  extinguifli  flame,    48. 
in  what  ftate  thofe  are  which  are  feparated  from  animal 
matters,  58.   the  quantity  of  air  they  contain,  61.   they 
decompofe  lime  according  to  Mr.  Meyer,  65,   they  in- 
creafe  in  weight  in  the  apparatus  of  Dr.  Macbride,  91. 

they 
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they  do  not  boil  in  vacuo,  104.  Uic  air  procured  from 
theoi  ii  the  lame  u  that  fcparatird  from  caicarcous  earth, 
&xt  klkalii,  and  lermcodng  fabfUnco,  104  and  10;. 
thfir  propertiei,  to6.  the  cfft&t  of  their  vapoim  apoo 
aniaaU,   i;i. 

JUalh  VoUdIc  Cauilic,  acquire,  in  the  apparatus  of  Offr 
Pilacbride,  ihc  propenies  of  eficrvcfctnce,  90.    ihey  il 
creafe  in  wtigtii,   91.    tbcir  ebullition  in  vacuo, 
the  emanations  from  efinrefccnce  and  fermentadon  givB 
them  the  properiiei  of  cfTcrvcfcenee  and  crjflaltiuiioa* 
'     loB.    the  vapours  from  putrcfaftjon  partly  produce  tfte 
^  famceiTefli,   111.   common  air  admitted  to  them  dod 
'     i>ot  give  them  the  property  of  elftrvefccnce,  i/wV.   the 
'    rfftft  of  Gravcfand's  condenfer  upon  them,  166.   their 
quafity  of  efiervcfcencc  comcj,  according  to  Mr.  Smrih, 
From   fomc  tddiilonal  fuhHancc,    106.    the  .lir  whkh 
pilTe*  thwugh  bursing  coal)  rettore*  to  them  the  proper- 
ty of  effenrefcenee,   iig. 
Amhtr  dlminifhea  the  nr  in  which  it  burns,  1 1,    the  quan- 
*  tity  of  air  difengnged  from  it  by  di^iUatioT),  1 
inflammable  air  is  feparated  by  thr  fame  operation, 
'•Aniimonj,  the  quantity  of  air  feparatcd  from  it  by  i 
tion,  14.   the  quantity  of  air  difeogsged  from  tti  t 
bination  tvilh  aqua  rcgia,  16.    the  quanliry  nf  air 
charged  by  its  tnixiure  *ith  the  nitroui  acid,  ihiJ. 
Apfvralui   of  Dr.  Macbride,    ja.    Monf.  Cras'i  eiperi- 
menti  with  it,  88.  Monf.  Bocquei'i  improreiacnti  of 
it,  104. 
Jf^t,  the  qmntitjr  of  air  feporaEed  (roin  them  by  renueo- 
utioo,  14. 

F  f  J  Jjtrimgtini, 


f 
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^r»n;«r«,  their  antifcepiic  vittue,    ii6. 
Jug/arnfatitn,  in  weight  of  phofphorus,   97. 
^tffuw  Fulminaoi,  ihc  caufcof  its  detoDDation,  45. 
^ffiM  Kegu,  the  quantity  of  air  produced   by  its  comUa 
tion  witli  antimony,  16.   by  m  combination  «-iU)  geld. 


Btiime  MonC.  his  appendix  upon  fiKcd  air,  208.  (Alan 
that  it  enlers  into  the  compolltion  of  bodies,  209.  A> 
■iris  iJentic,  210.  that  it  dillbtvcs  oily  tnatten,  iit- 
when  ii  is  difengaged  from  bodies  it  carries  wili  i 
diiFercnt  fubftances,  which  it  holds  diffolved,  iiU.  ibt 
air  fcparated  from  eifervefcence  and  formentiag  fabfiuce 
is  of  this  icind,  112.  commoo  air  contains  an  oHftA- 
fta nee  highly  refUlied,  213.  the  calclnatioti  of  meals i 
efTcCled  by  depriving  them  of  pblogillon,  214.  theic- 
duflion  of  metallic  calces  by  the  vapours  of  liver,  of  ffl- 
phur.  Hid.  whence  fixed  air  acquire;  its  antifeptic  n 
tues,  21$.  fixed  air,  according  to  Monf.  Baiunci  v 
thing  but  common  air,  dilTerently  modified,  zi6.  thaii 
is  a  folvent  of  many  fubfiances,  217. 

^ter,  the  quantity  of  air  difengaged  frooi  it  by  knatta 
tion,  14.  its  fermentation  122.  fur  the  rffiids  of  the  t 
which  it  feparates,  fee  the  article  of  fixed  air. 

Biie  contains  no  fixed  air,  56,  the  volatile  alkali  wfcic 
it  feparates  when  putrid,  does  not  effeivefce  with  aci^ 
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hhdt  Dr.  profdTor  of  phyfic  in  the  univcHity  »i  Glafcow ; 
h»  opinion  on  lite  rtdtiCUon  of  calcareont  nnh  into 
qaick-Uniir,  39.  Itia  theory  upon  caulUcity  In  gnuxBl,  40. 
Upon  that  of  fixed  aail  voUtile  nikalii,  41.  the  sffintty 
of  fixed  air  with  lime  nd  alltaUt,  44.  pmc^ft  to  obtain 
lime  by  the  moill  method,  41.  why  nil  the  lime  u  not 
foloblc  to  water,  43.  he  obTervtrj  thai  magnefia  fiveet- 
eni  lime-water,  44.  fuppore*  that  liiced  air  aniiet  itfclf 
tometah,  4;.  that  from  thit  caafe  comet  the  fulmina- 
tion  of  gold,  itU.  a  contrary  opt  n  ion  to  hu  itipported 
by  Mr.  Meyer.  65. 

V/Witi  oraflameniun  contaim  fixed  air,  but  the  ferum 
ia  dtftituteof  it,  ^;.  the  tjanntity  of  air  fepantiod  iVom 
that  of  a  hog  by  diftilhtion,  i;|.  the  irolatilc  alicali  from 
it  by  putrefaction,  cflervcfcci  with  xdilt,  ^9, 

Bterbaarvt  hit  opinion  opon  air  feparated  from  bodies,  17. 
a  dcfcripiion  of  hii  apparatui.  29.  his  experiment!  up- 
on crab'i  e>'cs  diilblved  in  dlililled  vinegar,  iiiJ.  hit  ex- 
periment) upon  the  combination  of  oil  of  tartar,  willi 
ths/amc  acid  and  the  viiriuUc  acid,  itiJ.  his  experiment* 
upon  the  foUtion  of  inn  in  liie  Kitrout  acid,  iHj,  Ac 
pent  quantity  of  air  difengaged  from  iha  fmoalcing  fpirit 
of  nitre  and  oil  of  carraway),  iHJ.  panlcalan  upon 
fernKfttxiion,  pBtreiaf&ni,  dlftillarion  and  cnmbnAtoD, 


■ 


tjit  gifei  the  name  of  artijebt  air  tO  that  fepiiated  frotn 
bodic*,  9.  repeat)  a  part  of  the  txperlmenii  of  Vnr 
Hclmoni  in  vacuo,  anit  in  tlui  open  air,  la  and  11.  he 
rrpeva  them  in  a  more  eoai'enM  air  than  that  cf  ilie  ai- 
nolphere,  taJ  in  anificIaJ  olr,  iM.  hyi  that  find  air 
F  f  4  dilTm 
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differs  from  that  of  the  aunorpherc,  ihiJ.  proves  in  cM 
upon  animals,  ibiJ.  relates  that  the  burnio^  of  Ibmc  bo- 
dies dim  iaifbes  the  buth  of  ibe  air,  ilid. 

Bona,  cakiaed,  the  quantity  frparated  from  them  byiut 
dilation  with  Tea  fnU,  14.  the  quantit}>  of  air  (Jlfcaji^ 
from  them  by  their  diftillation  with  nitre,  ihiJ, 

Bittqiat,  Msijiiur,  his  memoir  upon  air  fcparated  from  bj- 
dies,  loj.  makes  imp  rove  men  ti  upon  Dr.  Micbri&'i 
apparaiui,  304.  thinks  that  air  feparaccd  from  chill 
end  iixt  alkalis,  and  that  from  fermentation  arc  the  laaK. 
105.  the  properiies  ofthis  air,  iBid.  its  Ipecific  gfaiitr. 
toy.  air  frparated  from  metallic  folutions,  206.  :* 
combiaation  of  air  from  efFcrvefcence  with  wine,  ic;- 
•tr  from  elTcrvefcence  is  not  inflammable,  i&ij.  the  dif- 
ference bi-twccn  common  air,  and  njr  from  efFcn-eftenct, 
from  fermentation,  and  from  metallic  fclutions,  iiit. 


deliamm  earth,  what  it  is  according  to  Dr.  Black,  w. 
lofea  one  half  of  its  weight  by  calcination,  40.  its  Iblg- 
lion  in  the  nitrous  acid,  and  its  precipitation,  41.  it 
Jiaftens  putrefaftion,  57.  its  folntion  in  water  impreg- 
nated with  fixed  air,  61.  its  nature  before  calcinauon, 
64.  it  lets  much  water  efcape  during  calcination,  6c. 
it  is  rCeutralized  in  the  fire  by  the  adduoi  pingue,  ac< 
cording  to  Mr.  Meyer,  iliid.  the  properties  which  thii 
Mid  communicates  to  it,  ihid  its  calcination  io  dofe 
Veffei),  71.   it  feparates  a  gre«t  quantity  of  elaHic  aoiJ, 
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ihiJ-  how  much  sir  il  conuing,  7:.  <loe>  not  become 
lime  bai  by  privation  of  iu  £xed  air.  ihid,  cxpcrimcDtt 
opon  the  331  whicti  i*  fepnrnted  from  it  by  calcination,  73. 
this  ait  is  the  fame  u  ihiti  from  dlulif  and  fernicnlatioii, 

,Caltarttai  Aaat,  vid.  CalcJrcoai  earth. 

Caliti  meullic,  the  air  coocnbuitt  to  itieir  increafc  of  weight, 

»S- 

Caltiiieiitii  cf  mttii*  in  nitrou*  air,  158.  the  fame  in  dif- 
ferent kinds  of  sir,  166.  how  the  Cklcuiatioa  of  metala 
nkei  place,  114 

Cemfltr  diminiihei  ihe  balk  of  air  in  Mhich  it  bam).  ll> 
it  foluble  in  limo-wicer^  82,  the  tBe&  of  its  vapour  up- 
on animal),   173. 

CttHdUi  lighted,  the  qdaniiiy  of  air  they  ablbrb,  18. 
ihit  abforptioo  il  Limited,  it.  vid.  air  in  which  candle* 
,     have  burned. 

fCa-venJ-P  Mr.  hit  experiments  vpoa  the  quantity  of  air 
concaioed  in  £xt  and  voktile  alkali*,  61.  opon  the 
quantity  of  fixed  air  water  can  abforb,  ikiJ.  difcovera 
thai  water  iniprcgnnted  with  fixed  air,  will  diJIblve  cal- 
carcou*  earth,  and  iron,  6t.  that  bxed  air  may  unite 
with  fpiiit  of  wise  and  oiti,  6}.  the  eficA  of  bam- 
ing  coal  apoit  the  air.  iiiJ.  atr  prodoccd  hy  the  Ipicil  of 
fait,  ibU. 

Ctmftiiitj,  what,  67. 

Cb«li,  the  quintity  of  air  produced  by  its  combination 
with  difiilled  vinegar,  19.  the  feparation  of  iti  fixed  air 
tr  ealdnation,  130.  vid.  calcarvoiu  earth. 

Chemifi, 
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Chmifts  French,  their  works  fay  little  on  the  combiiuttkm 
and  fixadon  of  air  in  bodies,  pag.  2. 

Coal,  the  effed  of  its  burning  upon  the  air,  63. 

Coals  burning,  a  fabftance  efcapes  from  fomething  fimilar 
to  the  Gas  of  Van  Helmont,  6.  how  much  of  this  fab- 
fiance  they  contain,  ihid.  the  tSkSts  which  it  prodnoes 
vpon  the  air,  161.  vid.  air  in  which  coals  haTe  bamed, 
they  do  not  diminifh  in  weight  when  bamed  undor  a  re- 
ceiver, 162. 

Coal  pit,  the  quantity  of  air  feparated  from  it  b/  diftilla- 
tion,  15.  the  quantity  of  air  abforbed  by  its  combina- 
tion with  aqua  fortis,  16. 

ComtuJHoHj  diminution  of  the  an*  occafioned  by  it,  17.  the 
caufe  of  it  from  Dr.  Hales,  25. 

Count  de  Saluces,  his  experiments  on  the  elaftic  fluid  which 
Is  feparated  from  gun-powder,  46.  the  difference  be- 
tween this  fluid  and  common  air,  47.  the  means  to  give 
it  all  the  prope^ttcs  of  common  air,  47.  his  experiments 
upon  air  from  effervefcence,  48.  combines  the  nitrons 
acid  with  fixt  alkali  in  vacuo,  iBid,  obferves  that  nitie 
does  not  cryftallize  without  an  admiffion  of  air,  iM, 
fires  powder  in  noxious  air,  49.  the  phcenomena  of  the 
pulvis  fulminans  are  derived  from  the  fixed  air,  i^id,  his 
opinion  on  the  nature  of  different  airs,  i^/V. 

Cra6s  eyes,  difTolved  in  vinegar  the  quantity  of  air  produ- 
ced by  this  combination,  29. 

Crans  teaches  in  Germany  the  doflrine  of  M.  Meyer, 
77.  fays  that  lime  lofes  a  confiderable  quantity  of  its 
ivei^ht  in  the  fire,  78.    lime  efiervcfces  with  adds,  79. 

expofed 
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expored  to  ^  open  air  becomes  more  oiuftic,  ibid. 
objeflions  again  ft  the  (yflem  of  Dr.  Black,  upon 
the  phenomena  sriiing  from  the  exiinftion  of  Kme. 
80.  the  heat  which  he  obfcrvn  during  the  folution  of 
time  by  fpirit  of  nitre,  iBiii.  folution  of  lime  in  wa- 
ter, ihid.  cremor  calcii  whit,  anJ  how  formed,  81. 
every  port  of  lime  ii  not  foluble  in  water,  iiiJ,  the  ef- 
fcAi  of  lime-wnrer,  8z.  nentral  fatti  are  lefi  caultic 
than  the  fubtbnce  fmm  which  they  are  formed,  itiJ. 
the  foluiioB  of  calcsreou)  ftone  may  be  made  with  or 
wiihoot  effervefccnce,  8j.  cauftic  albdii  effcr*Hce  with 
acidi,  iliitl.  the  precipitation  of  Itine-watei  by  air  frpa- 
r*tcd  by  ciFcrvefccnce,  liiJ.  the  foluiion  of  calcareoui 
rardi  in  ndJj  it  oficn  made  without  lofi  of  weight,  86^ 
the  volatile  alkali  of  f*l  ammoniac  by  lime,  S;.  rela- 
tion of  experiment*  in  the  apparatui  of  Dr.  Macbridc, 
90. 

Cnmtr  calctt,  what,  \y    the  canrerfion  of  Kme  into  cream, 

I  iM.  why  it  u  infelnbic  ia  water,  iiiJ.  Une  in  ihi* 
(late  b  a  tme  calcartoui  earth,  iiiJ. 

Crijlaliieatian  of  Ma,  cannot  be  eU'eAed  In  vanto,  48. 

Crsem  nartii  expofed  to  the  rapnur  nf  )irer  of  fglpliur 
t«mi  black,  191. 


0fiMwati»n  of  Ditrc,  the  quantity  of  air  produced  by  it,  f([, 
t^ltfiim.  Van  tMjaont*!  fyftcin  of,  7.  tht  applicuioB  of 

U>9 
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Icrves  that  white  marble  lofcs  about  a  third  of 
by  calcination,  17S.  that  the  lime-ilones  of  Coi 
a  little  lefs  than  half  of  their  weighty  ibid,  wh 
to  the  air  they  regain  a  part  of  their  weight, 
termines  the  quantity  of  water  necciTary  to  ex 
i'  given  quantity  of  lime,    179.  he   fuppofea 

^'  contains  a  little  fpirit  of  fait,  180. 


E. 


Ebullition  of  caulUc  alkalis  in  vacuo,  104. 

Effervefcences^  are  occafioned,  according  to  Van 
by  the  feparation  of  gas,  6.   the  definition  of 
5 .   it  may  be  procured  at  pleafure  from  effeivc 
from  the  folution  of  calcareous  earth  in  acids, 

Elafiicitj^  is  an  equivocal  charadler  of  air,  96. 

Emanations  from  cfFeri'ercence,  their  efFcAs  upc 
1 08.  in  what  they  differ  from  common  air, 
antifeptic,  116.     See  Fixed  Air. 

Emanations^  elaftic,  have  but  few  of  the  comnM 
ties  of  air,  96. 
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jEihtr,  tbe  air  in  which  il  >ut  burnal  pieci|nt«tts  lime- 

water,  151. 
Cjirt'iu7i«aoflighb  under  a  receiver,  its  caufe,  154. 


FtTMtniMiiin  produMf  an  elaAic  npogr  callci]  by  " 

Hclroont  gai,  5.    produces  much  air,  3icording  to  Mr. 

Boyle,  9.    fpiiit  of  wine  rcurJa  it,  id.   thii  expeiimetii 

in  ail  more  condenfed  than  (hat  of  the  nunofphere,  ibiJ. 
Frrmntaii*!!  of  hevr,  air  fcparated  (rem  it,  123.     See  aKo 

Fixed  Air. 
F/miJ,  claftic,  produced  by  cffervefcence,  extingiiilhes  Rame, 

48.     See  Fixed  Air  and  FJaAic  Etnanattons. 
FiaiJ,  cUllic,  fcparsted  from  the  puivis  fuIminaDt  and  from 

gun-powder,  49.    See  Fixed  Air,  Ela&ic  Emanation*, 

Gun-powder,  and  Pulvis  Fnlminani. 


Cat,  circnmAance*  in  which  it  is  feparaied  fnun  bodici,  6. 
what  are  the  fubOancc*  that  contain  it,  iiiJ.  the  appli- 
cidon  of  its  theory  to  the  principal  phenomena  of  the 
aiumal  oetonomy,  7.  Van  Hrlmoni'i  opinion  upon  the 
nature  of  it,  6  and  7.  it  it  the  caufc.  according  to  bim, 
of  ihe  propagation  of  epidemic  difcaict,  S.  how  many 
ktwUofit,  J. 

CtU,  the  qntntily  of  air  produced  by  tt*  folution  in  aqua 

**regii,  16. 

Grun 
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Gr§tt9  delle  Cani»  the  phenoment  occtiioned  by  its  gts,  6. 

Gun-powJer^  feparates  an  elaftic  fubftance  during  its  explo- 
fion,  called  by  Van  Helmont  gas^  6.  the  air  difichai-gcd 
from  it  during  its  inflammation  affords  particular  phe- 
nomena,  lo.  Count  de  Saluce's  experiments  on  this 
fiuidy  46.  it  is  the  fame  as  atmofpheric  air,  ibid. 
burns  equally  in  all  kinds  of  air,  47. 


H. 


HaUsf  Dr.  his  experiments  upon  air  contained  in  bodies, 
and  upon  the  quantities  feparated  from  them,  11.   his 
experiments  upon  the  diftillation  of  vegetables,  13.  npoQ 
the  diftillation  of  minerals,  14.  upon  fermentation,  ibid* 
upon  the  combination  and  folution  of  bodies,  15  and  i6. 
upon  inflammable  bodies,  17.  on  the  refpiration  of  ani- 
mals, 18.   difcovers  the  exigence  of  air   in    acidulous 
waters,   19.   he  (hews  it  in  the  nitrous  acid,   ibid,   in 
nitre,  20.   in  tartar,  ibid,  he  attributes  to  this  air  the 
cffedls  of  the  pulvis  fulminans,  ibid,   determines  the  fpe- 
cific  gravity  of  the  air  feparated  from  tartar,  ai.   his 
obfervations  upon  the  abfbrption  of  air  by  burning  of 
candles,  and  by  the  refpiration  of  animals,  21.  his  ob* 
fervations  upon  the  diminution  of  the  bulk  of  air  which 
has  paiTed  through  water,  22.  upon  air  in  which  fulphur 
has  burned,  23.   tries  to  re-cftabli(h  air  to  its  natural 
flate  by  filtration,  24.   his  obfervations  on  inflammable 
air,  ibid,  his  opinion  on  the  combination  of  air  in  me- 
tallic calces,  25.  he  obfcrves  that  the  burning  of  phof* 

phorus 


\ 
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phornt  dtminilhes  Utt  bulk  of  air.  Hid.  thu  ur  u  m< 
relTary  for  ihe  cfyflalUzation  of  Cain,  3$.  thai  fcrmcnu- 
tion  produce]  an<l  ablbrb)  air,  iiiJ.  he  dtinks  thai  air 
11  the  bond  of  union,  lud  the  cement  by  which  bodies 
are  lield  together,  16. 

HaUir^  hii  opinion  on  the  fixation  of  ait  in  bodiet,  50. 

HaflpMrn,  the  quaniii/  of  air  lieparated  from  it  by  diiUUa- 
tion,  I). 

tianr),  the  ^uintaty  of  atr  difcngaged  from  it  by  dittillation, 
'3- 

ffsMux  calculus,  the  quantity  of  air  difcharged  from  it  by 
diJUUiiion,  it. 


/rm,  ID  combinuion  with  the  nitrou  add  in  racno,  Z9. 
dilToIvct  in  w.iter  impregnated  with  Rxcd  air,  62.  in 
calx  eicpofed  to  the  vspour  nf  the  liver  of  futphnr  takei 
a  black  colour,  191.  the  qoaniiiy  of  air  produced  by  in 
folution  ia  the  ntiroui  acid,  16.  in  combination  with 
fnlphnr  dimlnilho  air,  ibid,  it)  mixture  with  falphur  in 
air  already  diinini<hcd  by  burning  candles,  by  pntrrfK- 
tiOB,  tti.  149.  the  fame  in  inflammiUe  air,  iM,  the 
time  in  nitioui  air,  i;6. 


7<vfHrW,  Monf.  Trofeffor  at  Vianu,  his  refutMion  of  the 

dofime  of  Mr.  Meyer,  7°'   ht  icmatlu  that  Uoic-Qone 

lo&a 
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lofes  near  oneha}f  of  its  weight  by  calcination,  71.  he 
calcines  it  in  clofe  veflels»  ibid,  obfcrves  a  feparatxon  of 
elaftic  flaid,  iM.  his  thoughts  upon  the  manner  in  which 
air  exifts  in  bodies,  72.  hb  obfervations  on  the  folutioQ 
of  lime  in  water,  75.  upon  its  extinAion,  74.  upon  the 
cremor  calds,  ibid,  upon  air  from  effervefcence,  76. 
his  theory  on  canftic  alkalis,  74.  his  procefs  for  making 
lime  by  the  moiil  way,  jS. 


L. 


Lt4uif  furniihes  a  little  air  by  diftillation,  25. 
'  Lime,  the  quantity  of  air  abforbed  by  its  combination  with 
fal  ammoniac,  17.  by  its  mixture  with  vinegar,  x6. 
cauies  of  its  caullicity,  40.  combined  with  alkalis  be- 
comes calcareous  earth,  41.  why  it  is  m)t  entirely  folu- 
ble  in  water,  43.  it  dccompofes  animal  matters,  58. 
it  is,  according  to  Mr.  Me)'er,  a  calcareous  earth  neu- 
tralized by  the  acidum  pingue,  65.  its  decompofition 
by  alkalis,  66.  calcareous  earth,  according  to  Mr. 
Jacquin,  becomes  lime  in  proportion  to  the  feparati* 
on  of  elaftic  fluid,  72.  its  foiution  in  water,  73:  its 
e.xtindion,  ibid,  it  is  not  lefs  lime  after  its  extinction 
than  before,  75.  the  claftic  fluid  feparated  from  it  during 
this  operation  is  water  reduced  into  vapours,  78.  eflier- 
veices  with  acids,  according  to  Mr.  Crans,  79.  keeps 
in  the  air  and  becomes  more  cauilic,  ibid,  phenomena 
of  its  extinction,  80.  diflfolves  with  heat  in  the  nitrons, 
acid,  ibiii  its  foiution  in  water,  and  cryftalligarioPy  8s. 

it 
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it  is  not  entirely  foluble  in  water,  3i.  the  decompo£tion 
by  it,    87.     Quick  lime  increales  in 


weight  in  the  air,  98.   ext 
ftred  to  rcmwri  during  i 


interval  of  (ime.  when 


dillillcd  does   I 


'   claftic  fioiJ, 
morpher 


t  hold) 


f 


tobllinately  Ibmething  from  the  atmolphere,  101.  eirin- 
gaiflied  and  re-calcined  it  acquires  a  new  weight  from 
the  air,  lOJ.  quick  lime  owes  to  water  only  (he  incre^ 
of  weight  it  receives  from  the  air,  iiitf.  the  weight  it 
gets  from  tho  air,  iiiJ.  it  prefcrves  obftinatcl)'  the  water 
which  it  abforbs  during  exiinftion,   179. 

Lime-'waier,  its  properties,  S2.  dilToEves  fulphur,  camphor 
and  refin!,  ibid,  its  combination  with  the  vapoam  from 
effervefcence,  fermentation  and  patrefa£iicii,    1 
which  has  paHed  through  biimlng  coalt  prectpitaccs  tlie  | 
lime  from  it,  119. 

tii"r  of  fulphur,  the  vapour  which  arifc*  from  iis  decom-   1 
pofition  by  acidi  ii  inflammable,   191.   this  vapuuT  unita 
difficultly  with  water,   191.    is  daiigerous  to  tten.  itid.' \ 
jt  reducei  metals  to  the  Itate  of  a  calx,  wiAout  Rre  ■ 
phlogillon. 


M. 


iSatfiriJi,  Dr.  £nds  that  fixed  air  19  feparated  from  putiift'l 
matters,  ;i.  co mb it) e;  fixed  air  with  lime  and  alkalis,  1 
;i.  his  apparatus  to  combine  fixed  air  with  diffcrens  I 
fublkncM,  iiiJ.  finds  that  fixt  alfcaJis,  when  fnfficieRlIy 
furnilhtd  with  it,  crynallize,  5j.  that  cauftie  alkalis 
acquire  tile  properties  of  efrcrvefccDca  by  combination 
G  £  witli 
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vyith  fixed  air,  ibul*  that  fixed  air  enters  into  the  conpo* 
iltion  of  fleihy  54.     when  applied   to  putrid  flelha  re- 
ftores  it  to  a  wholefome  flatei  ihid.   his  application  of  the 
dieory  of  fixed  air  to  the  phenomena  of  digeftion»  ikU, 
and  55.   he  fhews  that  fome  of  the  animal  fccretions  con- 
tain fixed  air,  whilA  others  are  deftitute  of  it,  55  and 
56.   his  experiments  opon  alimentary  mixtures,  56.  his 
refleflions  upon  the  fea  fcurvy  and  putrid  difeafes,  rW. 
upon  the  kntifeptic  power  of  acids,  57,   bis  experiments 
.-.on  feptic  and  antifeptic  fubilances,  58.    upon  the  de- 
compofition  of  ibap,  ihid,   upon  the  abforpdon  of  fixed 
air  by  ardent  fpirits,  ibiJ.   his  examination  into  tbe  ftkit 
•  of  alkalies  generated  by  the  putrefii^lion  of  animal  nat- 
ters, 59.   fixed  air  is,  acconling  to  him,  diflRerent  from 
common  air*  ibui» 
Magnefia^  or  the  bafis  of  Epfom  fait,  has  many  of  the  pep- 

perties  of  calcareous  esrths,  40. 
Marble^   lofes  weight  by  calcination,  178,   fee  calcartoof 

earth  and  (lo^ie. 
hUrcufite^  tbe  quantity  of  air  abforbed  by  iu  iplution  ii 

aqua  forti,  16. 
"Meyeryir,  his  chemical  trials  on  quick-lirae,  63.  eftabliihesa 
doftrine  contrary  to  Dr.  Black,  64.  his  opinion  onthepio- 
pertics  of  calcareous  e?rth  before  calcination,  ibid,  thinks 
that  Jime  11  neutralized  in  the  fire,  by  an  acid  with  which 
it  is  combined  during  calcination,  65.  his  theory  on  the 
decompofition  of  lime  by  alkalies,  66.  the  acidom 
pingue  i?  the  acid  which  neutralizes  lime,  ibid^  it 
u    difpcrfed  indifferently    through    nature,    i^4,    exa- 


E 


tnen  of  iticombiDadon  with  different  bodiM,  6j.    Itiqf 

by  t^e  motlt  way.  Hid* 
f^ut,  Hccidents  occaTioned  is  them,  by  gai,  6, 
Mi^am  funjifh;*  a  litile  air  by  diftitlatioa,  ij. 


fJitrtf  thequantity  of  air  feparated  from  it  by  diftillatioa 
'   with  calcined  bones,  14.   con  taint  much  air,  19,  ayr  if 
neceflkry  for  the  fbrmaiioD  of  its  cryftalj,  48. 


Oak,  the  .quantity  of  air  difchargcd  from  it  by  dillilktiQii) 

'J- 

Oil  abforbi  fixed  ajr,  6j. 

O;7of  annifced,  the  qoantity  feparat^d  froD)  it  by  diftilla* 

p//ofcarraways,  iu  combination  with  t^e  fmoaking  fpirit 

of  nitre  in  vacuo,  at). 
piloUve,  tbo  quantity  of  air  pcocured  from  it  by  diQilUr 

'  tioD,  1}. 
Oil  of  tanar,  its  coipbinadpn  with  diAilled  vinegar,  and 

with  the  vitriolic  acid,  39. 
Chfjftr-fitlis,  ^he  quantity  of  alrfcparated  from  thent  by  dt- 

milatioB.  13.  inflammable  air  is  feparated  by  the  fame 

opentioB,  14.  the  quantity  of  air  produced  by  fh^r  fii^ 

fiidoa  in  vinegar,  15. 
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P. 


Faracel/us^  his  .opinion  upon  the  ela^c  eraanadons  diC> 
charged  from  bodies  ;  he  thinks  they  are  atmospheric  air* 
the  fame  that  we  refpire,  page  4. 

Pcast  the  quantity  of  air  feparated  from  them  by  diftillatjon, 
13.   they  fornifh  inflamnuble  air,  24. 

Pbofpborus  o^  K}itikt\t  the  quantity  of  air  abforbed  by  its 
combuftion,  17. 

Pbejpbvrus  of  Homberg,  increafes  in  weight  by  barning,  97. 
it  is  water  that  gives  the  increafe  of  weight  during  and 
after  combaftion,   98. 

PriiftUy  Dr.  publiihed  at  the  end  of  the  year  1772  a  treatife 
on  different  kinds  of  air»  1 20.  fays  that  it  exifU  always 
in  a  great  quantity  over  tubs  of  fermenting  beer,  iis. 
that  this  air  is  nearly  equiponderable  with  atmofpberic  air, 
124.  it  extinguiihes  live  coals,  ibiJ.  mixes  with  the  fames 
of  gun-powder,  ibid,  it  may  be  combined  with  the  vapoor 
of  water,  of  fulphur,  and  reiins,  125.  he  gives  difle- 
rent  methods  of  impregnating  water  with  fixed  air,  126. 
a  mixture  of  iron  and  brimilone  under  a  receiver  filled 
with  fixed  air,  127.  water  impregnated  with  fixed  air, 
its  properties,  128.   the  efiedt  of  fixed  air  upon  animals, 

I 

1 29.  its  t9[t^  upon  vegetables,  ibiJ,  the  calcination  of 
chalk  in  a  gun-barrel,  130.  he  finds  that  air  in  which  can- 
dles have  burned  diminiihes  about  a  fifth  of  its  balk,  131. 
the  diminution  is  very  little  when  the  receiver  is  plunged 


I,  N    D  U    X. 


453' 


•  !■  pteraOf,  iM.  air  in  which  ca&dlci  hitvc  burned,  or 
nn  which  fpiriti  of  wine  or  ether  have  burned,  preci- 
yjataici  lime  wa«r,  iji.  air  which  hu  ferved  for  bam. 
.iag  become*  lighter,  133.  ciufc  of  ihe  extinaion  of 
nndles  in  clofi;  veflH).  itiJ.  the  dilatatton  ocdfioned 
■hf  the  heat  11  not  fulficicnt  to  explain  this  phcnomem, 
I  j4  air  in  which  caaJlet  have  bnmed  ic  not  noziou  to 
inimala,  iiiJ.  method  to  obtain  inflammable  air,  ijr. 
It  ii  ubtaineil  belt  by  a  brifk  heat  and  llrang  efiervefccncc, 
'tjd.  thti  air  uniiei  diflicuUly  with  water,  137.  abont  a 
■  ihird  part  u  ablbrbeii  by  water,  tlie  rell  i*  common  air, 
^iiiJ.  inSaramable  air  drawn  from  oak,  tj8.  iti  clfeAt 
'irpon  animalt  and  vegetable),  iiiJ.  i»  combination  with 
.different  ktndj  of  air,  139.  its  mi^tture  with  acidi,  (/i>f. 
the  properuei  of  air  in  which  animal)  liave  brcnthed. 
'•t^o.  it  prtcipitatet  lime  water,  t\\.  hat  a  nearaffinity 
•rich  air  dlfchirged  by  animal  putrefaftieu,  141.  the 
iiratnution  of  air  by  the  rcrpirauon  of  animal*,  and  by 
Inimal  pntrefaAion,  ikJ.  air  Separated  from  the  pntre- 
bdion  of  animal  mauers,  143.  air  from  v«j;etable  pu. 
trefadion,  147.  mean*  10  rellore  putrid  air  to  a  Aaie  of 
alnbrity,  iiid.  agitation  in  water  'u  a  fare  meant  of  re- 
loriftg  putrid  air,  148.  the  diminution  of  air  by  a  mix. 
inreof  iron  Glingi  and  brimftone,  149.  air  fo  diminiOi- 
ddoe*  not  precipitate  lime  water,  150.  a  mixtare  of 
[on  iiliBgi  and  brimftone  in  air  already  dimJnilhed,  ikJ, 
lean*  to  obtain  nitroni  air,  iji.  Ita  efiervefccnco  with 
Bommon  air,  and  the  diminution  which  refult*  from  it, 
(51.  the  miictiire  of  niiraiu  with  dtfemt  kind*  of  air, 
G  g  3  »S3' 


t$3.  ks  mixta  re  with  water,  154.  the  hiix^ir  of  iUl< 
phor  and  iron  filkigi  in  nitrous  air,  156.  the  ihixtiire  of 
nitioiu  with  inflammable  air,  157.  nitrons  air  is  nearly 
of  an  equal  weight  with  that  of  the  atmofphere,  158. 
its  cStc6t  upon  vegetables,  /^.  the  ealdnation  of  netals 
in  nitrons  air,  iM.  a  table  of  the  quantities  of  inflam- 
mable air  drawn  from  metals^  1 59.  the  diminatioD,  in 
bulk,  of  the  air  which  has  pafled  through  burning  coals, 
160.  this  diminution  ceafes  when  ihe  coals  are  ver^  much 
b«rned|  162.  air  in  which  coals  have  burned  precipi- 
tates lime  water,  163.  the  coal  in  this  experiment  lofes 
tione  of  its  weight,  164.  the  cSe&.  of  air  ia  which  coals 
have  bnrned  upon  animals  and  inflammable  bodies,  #W. 
Ihe  diminution  of  air  in  which  metals  have  calcined,  ilui. 
Ibis  air  docs  kiot  precipitate  lime  water,  165.  th^  calq- 
nation  of  metals  in  difl^rent  airs,  iifiii.  explanation  of 
the  diminution  of  air  from  the  addition  of  phlogifixio, 
1 66.  the  cfl^s  of  a  paint  made  of  white  lead  and  oD, 
164.  air  drawn  from  fpirit  of  fait,  167.  thcmeansao 
obtain  it^  i^V.  precipitates  lime  water  168.  its  combi- 
nation  with  water,  i^/V/.  what  it  is,  169.  its  mixture 
with  the  vapour  of  fpirit  of  wine  and  oils  prodaces  in- 
flammable air,  170.  it  decompofes  faltpetre,  iSid.  the 
fermentation  of  beer  produces  air,  then  abforbs  it,  171. 
it  extinguiihes  candles,  i^iJ.  mixt  with  four  times  its 
Quantity  of  fixed  air,  the  rcfult  is  wholefome  air,  179, 
the  air  from  the  detonnation  of  nitre  is  not  aoxious  to  ani- 
itksASf  ihU.  a  candle  burns -in  it,  ihid,  the  fumes  of 
itanlphor  and  the  volatile  alkali  are  not  fatal  to  animals 
iM,    boiling  water  abforbs  common  air,  ihiJ.   the  efl^dt 

of 
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of  [be  remaintng  portion  ofil  on  ciadles  inJ  regeUblci, 
174.   ihe  qDiiniiiy  of  lir  conuincd  in  well-water.  Hid. 
air  dees  not  alter  by  being  kept  clofe  for  a  long  t: 
ibiJ.    water  imprcgnatnl  with  fired  air,  docj  not  acu 
.way  aciil  from  the  ingredient)  with  which  it  is  prepa 
'7^-   grom  tarliid  by  a  rolulion  of  fasp  and  fuhar 
fatumi,  iinJ.   dIeAof  fixed  air  in  clyHera,  iciV. 
Puirtfaaien  of  ttAma\  toatiera  fcparateg  lined  air,  51 
futrid  fleffi,  the  volatile  aIIuIi,  generated  by  ii,  does  n 
eircrvcTce  with  add}.  %^. 


Ibdaflkii  of  tnctallie  calcet  by  the  vaponr  of  the  liver  of  J 
fulphar,  t\\. 

tttftnt  dilTolvc  in  lintc  water,  St. 

9r/firaih»  of  animal*,  the  qnantity  of  air  ablbrbed  by  i 
^_     iS.   iliiiabforpcionii  limited  19. 

iW/r  Monf.  hii  dilTcrtaiion  en  lixed  air,  iBi.  obferr 
tlut  water  iinpcegnited  with  it  diflblvet  inn,  1H3. 
IrapregnAteil  with  the  vapour  of  liver  of  fnlphur  don  not 
dilToIve  iron,  igt.  ciucui  marlis  expofed  tu  thii  vap 
grown  btack,  19:.  the  vapour  from  hepir  fulphttri 
inflammable,  iiiJ.  water  ubforbs  it  with  dtlHcntiy,  1 
hi)  obfervatioru  on  inRnmmablc  air,  drawn  from  a  ft 
tion  of  iran  by  fpiritof  fall,  194.  thu  air  comtnuDioita  1 
to  water  a  fulphureoui  odor,  ihj.  he  lay),  that  air  fepj- 
rated  Irom  budlei  ti  ia  iwo  fixtes,  vii.  Hxed  and  inHatn. 
mablet  195.  renuik*,  that  tbrfe  two  air*  nay  b«  fooiKl 
G  a  4  in 
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in  naoy  othrr  prapertict,  96.   tlut  aif  it  a  lalv^ni,  AW. 
lieobrcrvn  tli»  pholphomi  gain*  weighl  in  burning)  g7> 
.  that  lime  from  rxpofiire  gtins  weighir  98/    whc*  M-   , 
tiB)(«i>lM'l    "I'l  iliAillcd  <loe}  not    lirpvate  u    cM 
fluid,  99.  (hat  it  ictitini  after  di^illuign  sa  iv«ll  w  b 
Jbrc,  «  part  cif  tiie  mitter  that  it  attradi  frDin  itic  atnid^  j 
phtK,  101.  tU«  increafc  of  weight  i»  owing  la  water  diA- 
periVU  in  the  aunorpIurTCHhicbitabrorbs,  loi.  hethiajtt ' 
it  is  thr  fame  with    pliol'phoni:.  Hi't-   he  obrc  rvci  thtl 
the  volatil*  cautUc  alliili  boiU  of  ilfcif  and  ihithaut  heal, 
■nilcr  titfracriTCf  of  an  air  pump,  104.  ihai  it  it  the 
fame  with  the  Ext  ciudii:  alkali.   ■*{.   in  likilit  on 
tha  cuati&ry  do  nu  Aew  ihi*  phenonwiMO,  r^'^.   th.» 
air  introduc>4  to  ctuftit  aljuli*  ilo^t  not  give  tlvni  tlw 
prepcnieiof  e&ryelkeiice,   106.   that  cauftii:  alkalii  fitftV 
fcr  w>  chaoge   in    Cran-raiul's  ton4»fcr,    107,     framj 
whence  he  coaduln  that  tht  vta&iaty  of  alltdis  c 
matt  frain  M  ulditiunal  fubfUncCt  Aan  ftoco  any  i 
(]uality,    if-itf.    ho  fablticuirt  a  Hew  appiratui  to  that 
(/  Pr.  Macbfide,  <'ii^.    mikci  it  «pp«r  that  ihi  vapomj 
from  clletvel«^cc  anil  fcrmcatalion.  f^ve  to  caoSic  al-V 
fcali*  tha  propcrtjw  of  rffcrwefcencc  anil  cryRa|ilM*ig»l,3 
Ito.    thole  from  puirefiAioa  have  ihr  btnc  pre 
III.   he  by  I,  the  iion-iMiin4  vapou'i  eifiv  from  1 
mofpberic  tit,  iiU.    thai  tb<y  odnguilli  flajiK,  uul  1 
fatal  toanimalt,  liiJ.    that  ibry  ftop  tlv  progrcfi  of  p 
trefafiioo.   III.    that  ih;lr  elafiidry  is  not  conllanl, 
that  thcjr  are  more  fubtle  than  air,  iiiJ.    ht  tMnki  ihef 
fubtUncei  wen)  knowm  long  iioce  to  chcmifb,  onder  A 
femt  nasin,  (14..   that  they  do  not  exifi  in  bodiei  fi 


which  they  efcape,  iM.  he  divides  :  thiim  into  diil^rcftit 
claflesy  115.  he  affigns  their  difierence,  i^id.  his  dion^ts 
on  the  antifeptic  qaaHty  ofair,  1 16.  he  advances  ^tlre  are 
ignorant  of  the  mode  of  adion  of  antifeptics,  MrV.  pfXM^ 
that  air  from  the  wells  at  Utrecht  is  ^tal  to  animals, 
1 1 8.  that  it  precipitates  lime  water,  iM.  that  the  waflpr 
at  die  fame  time  is  wholefome,  1 19.  that  air  which  has 
pofled  through  burning  coals  is  in  the  fame  ftate,  i^m/« 

$Mrj»,  its  decompofition,  ifS.  t 

Spirit  of  wine  abibrbs  fixed  air,  63.  is  antifeptict  116. 
air  in  which  it  has  burned  precipitates  lime  water,  13  a. 

Spiritus  filveftris  of  ^araceifus,  4. 

Stalht  his  opinion  on  the  fixation  of  air  in  bodies,  32.  is 
unacquainted  with  Dr.  Hales^tf  experiments,  ihid. 

Stom  lime,  its  folntion  in  acids,  S3,  doesnotalways  lofe  weight 
in  this  operadon,  86.  lofes  weight  by  calcination,  87. 
Monf.  Puhamel  fuppofes  it  contains  marine  acid,  1 80. 

SmUf  the  quandty  of  air  feparated  from  it  hj  diMUatioii, 

Sulphur  diminifhes  the  bulk  of  air  in  which  it  burns,  1 1 . 
the  quantity  of  air  abforbed  by  its  combinadon  with 
iron,  16.  this  abforption  is  limited,  21.  diflblvea  in 
lime  water,  82.  its  vapour  combined  with  fixed  air,  lar, 
for  its  mixture  with  iron,  fee  iron  ;  on  its  combuftion, 
iee  air  in  which  candles  or  fnlphur  have  burned. 

Sfviot,  contains  much  air,  56. 


7'ar/Mt^ 


t«'t(ir  coDtaina  a  great  qnintity  of  gai,  6.  contains  mii'd 
air,  so.   tha  ^lUntitiM  frpatated  from  it  by  diOillatioii,  ' 


T*6»ecp,  Ac  quaaiil/  of  air  frparatetl  from  !t  by  dtllilla* 


t/riartontsini  mudi  air,  5;. 


t'sH  Uilmeat,  hii  opinian  upon  dafiic  vapnan,  4.  gbn 
tlKin  the  name  gas,  ;.  what  are  the  circumlbnca  in 
which  they  arc  fcpariud  rrom  bodici,  iitJ.  what  fob- 
fUncci  conta^it  them,  6.  kii  application  of  the  theory  of 
gas  10  the  phrnoracnanf  the  animal  trconomy,  7.  the 
nature  of  gaa.  8.  caulct  of  the  propagation  of  epidemic 
difcalet,  ,iul. 

f'iptai'»»  of  planu  reAotta  put'id  air  to  a  ftate  of  lilubrit)', 
MB. 

A'm/  Muof.  Ihew)  that  the  waien  called  tciJnlaas  are  nd- 
aber  acid  nor  alkaline.  {4.  that  we  may  feparate  atr 
from  thefe  waCen  by  agiation,  by  heal,  and  by  the  air 
pump,  iM.  method)  to  imitate  them,  37. 


^  INDEX. 

ymtgar  diftilled,  the  quantity  of  air  prodaoed  bf  its  com- 
binadon  with  oil  of  tartar,  tg.  the  fame  by  its  mixture 
with  crabs  eyes,  iM.  by  its  oombinatioii  with  quick 
liine^  i6f 


W. 


Waur  abforbs  fixed  aur,  bat  not  totally,  as.  it  aMbrbs 
inflammable  air  by  a  very  ftrong  agitation,  137.  abforbs 
a  part  of  air  feparated  from  putrid  animal  matters,  141. 
abforbs  nitrous  air  i5{.  the  quantity  neceflary  to  ex- 
tinguifh  a  given  quantity  of  lime,  179.  • 

JFatir  boiling  abforbs  common  air,  173. 

U^atir  impregnated  with  fixed  air,  difiblves  calcareous  earth, 
zinc,  and  iron,  128.  means  to  obtain  it,  125.  grows 
turbid  by  a  folution  of  foap  or  facharum  fatumi,  128. 
ibg  air  in  it  if  in  a  Hate  of  folution,  I98. 

Viaitr  impregnated  with  the  vapour  of  liver  of  fulphnr  does 
not  diflblvc  iron,  190. 

WaiiT  SdtBer,  is  an  aerial  acidulous  water,  35. 

9^dUir  ^cll  contains  much  air,  174. 

JFmtars  acidulous  contain  air,  19.  are  neither  add.  nor  al- 
kaline, 34.  air  may  be  feparated  from  them  by  agita- 
tion, and  by  the  air  pump,  Hid*  method  to  make  artifi- 
cial acidulous  waters,  37. 

Waters  mineral,  may  be  divided  into  two  dafles,  the  firft 
comprehends  thofe  which  contaiii  fixed  air,  the  fecond 
thofe  which  contain  inflammable  air,  196. 

Wax  feparates  inflammable  air  by  diflillation,  241. 

W4iX 


INDEX. 


*«■ 


W^x  yeltow,  the  quinticy  of  air  frparaced  froin  it  by  diftil- 
latien,  I  J. 

0%M  t^aJ.  mixed  with  oil,  dtminilhM  the  bulk  of  air  in 
which  it  i)  (hut  up  in  the  fame  manner  that  the  caldna- 
tion  of  metali  ddes,   164.  Itc  the  colctnattan  of  meulfc 

Wint,  its  combination  with  fixed  air,  307. 


Zini-  diiToIvci  in  water  impregnated  with  fixed  air,  1 


:f  . 
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UiciD  nitroos,  its  fpecific  gravity,  222.  tbe  proportloa 
neceifary  to  diflblve  a  given  quantity  of  nme,  233.  the 
neceiTary  proportion  to  diflblve  a  given  quantity  of  fpar, 
note  of  page  253.  quantity  neceflary  to  diflblve  a  given 
portion  of  foda,  256.  the  proportion  neceflary  to  fatu- 
rate  a  given  quantity  of  the  volatile  alkali,  270.  what 
13  neceflary  to  diflblve  a  certain  portion  of  iron,  293. 

/fr/y  phofphoric,  means  to  obtain  it  in  a  concrete  form,  383. 
the  quantity  obtained  is  heavier  than  die  quantity  of  phof. 
phorus  employed  to  form  it,  385  how  much,  ibid,  the 
confequence  of  allowing  the  increaip  of  weight  from  wa- 
ter, 386.  * 

Air 


A'f  AtiiK>rphcr!c,  iti  waghi  rcdaccd  W  a  cable  Toot,  119. 
ihc  fame  weight  reduced  to  a  cubic  inch,  S37.  a;*). 

4iT  fined,  Ice  fluid  cisftic. 

Air  in  v-hicli  lead  haa  bcL-n  calcincii,  336-  Sfrplic^  to  iit- 
fljsunable  and  buraiog  boilici,  and  to  Uae  waur,  357. 

Alkali  fixed  tollite,  tti  advantage  in  ociiain  cxpcrintenu, 
156.  the  proportion  neccliary  10  r^tiirAte  a  given  ^mn- 
tity  of  nitroui  ficid,  itid.  ilic  dimiuution  cf  weight  ob- 
served during  i»  folDiioD  in  niuous  acid,  z;7.  the  num* 
bcr  of  cubic  inehu  of  cUHic  fluid  frparaicd  fiom  it,  158. 
compared  with  chnik,  1^9.  itt  conftiiaenl  parti,  169. 
its  folucioa  in  lime-water,  a£|.  diminution  in  its  Speci- 
fic imvity  by  foluilun,  163.  the  tncreafe  of  weight 
which  lime  gatog  in  ihii  Iblulion,  ihiii,  the  quintity  of 
lime  neccffiiy  to  render  3  erruin  pcrticin  of  it  perfcdly 
casftic,  164.   liie  precipitation  of  lime  by  it,  jSi, 

Hiali  fufiilc  caoftic,  iii  combination  with  lime  producct  a 
fcparation  of  clallic  fluid,  160.  means  to  rdlorc  to  it 
fixed  air  after  it  hai  been  deprived  of  it  by  lime,  xj-. 
10  rcAure  iia  fpcci£c  gravity.  17%.  to  give  tt  the  propcrt>- 
of  cServcfcence,  iW.  iiprecipiiatciliPe  and  calcanoui 
earth  dlAolved  in  acidi,  aSj.  praopitaiea  aoder  the  fomt 
«r  calcareous  earth,  the  alltalinc  cank  diilblvrd  by  the 
pUftic  flnid,  376. 
^Ufili  vtUiik  iwrtir,  iti  folulioa  in  the  nitrona  acid,  t~o. 
proportion  neuTary  to  bturafe  a  given  qoantity  of  the 
niltout  acid,  1^^.  iu  lofs  of  weight  during  fblution, 
J7I.  (he  number  of  cubic  inches  of  elaHic  fluid  fepara- 
ted  by  iti  folutioD  in  the  nitroui  add,  HU,  its  lolution 
Eh  ivaier  and  combinaiioa  witb  lime,  371.    djauBntiiu 
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of  th«  ffKieifit  grttVify  6f  ^  loliitioii,  275.  oag&t  to  be 
lightir  Ihdii  diftilled  water,  iM,  the  quantity  of  Kme 
neceflary  to  reduce  it  to  a  caoiHc  ftate»  275.  lime  ukes 
66111  it  the  property  of  effefrefcence,  ihU.  feparates 
Ibm^iilg  fiomky  ibid,  pivcipitates  calcareous  earth  or 
VklBk  Wdtt  fbtm  %3l[  dialk,  283.  precipitates  calcareoirs 
«mh  diflblved  by  the  ekftic  fluid,  376. 

jBkaB  Volatile  cantic  is  rendered  fo  by  lime,  272.  itsipecific 
fjtvnkyi  279^  precipitates  calcareous  eaith  diflblved  in  the 
Idtrotts  acid,  2S0.  pmripitates  calcafeous  eaf th  diflblved 
by  the  elafHc  fluid,  376. 

dmmaisf  coftje^res  upon  the  caufe  of  their  death  in  fixed 
air  and  in  dimitiifiied  air,  352. 

App0r0stus  proper  to  meafure  the  quantity  of  fixed  air  fepa- 

.    Arted  by  diffiirent  coihbinatjons,  224. 

■     ■■  anoAer  Ibr  die  reduftion  of  nieftals  by  a  boming^ 
glafs,  299. 

•  ibr  thb  fame  o))eration  by  ttieahs  of  a  furnace  heat» 


307- 

to  obtain  fixed  air  in  a  pure  flate  from  eflienref- 


otttite,  343 


mr-- 


348, 


to  meafure  it  in  bottles  and  to  keep  it,  346. 

to  decant  it,  347.      ' 

to  combine  it  with  any  liquor  yotf  judge  l^rbper^ 


hurmt^ 


Suming  of  phurphurui,  dLniounon  of  the  bulk  of  air  rc- 
Culung  from  it,  j;;.  cUffcicai  cirtumftancie)  acicoding 
i(  ii>  vacuo,  399- 

Sttrmmg  of  SulfHur  in  vacng,  400. 


Caltinalitn  of  MUtklt  in  gtn<r>l,  397.  cannot  uke  place 
in  cJol«  vellcU  codrdy  deprived  of  air,  19S.  (his  open- 
don  u  mode  with  difficulty  under  a  receive,  ;}9.  it  ii 
ucompanicd  with  i  dinrinutioa  in  bulk  of  ili«  a!r  tn 
which  it  is  performed,  itiJ.  diminution  proportioned 
to  the  incmfc  of  weight  in  the  metal,  i6iJ.  increafe 
owing  to  the  fixation  of  elallic  fiuid,  331;. 

Cd^i'iiuriiiv  oflckd  by  a  burning  glaCs,  317,  dioiiniAirt  air 
319.  the  fame  operation  under  a  receiver  immrrfcd  iu 
mwcury,    333-    increafe  tn  wetghl  of  the  metal,    jj;, 

CaUinaritn  of  a  mixture  of  lead  and  tin  by  a  burning  glafi, 
3}l.   diminiihn  air,  iiriJ. 

CiiJtiK«tieit  v(  an  by  a  glaii,  330.  diminution  in  bulk  of 
the  air,  iM.  iscicafe  of  weight  in  th«  mctalt  liiJ. 

CMlroflcad,  fee  minium, 

Cbmli,  iu  folution  in  the  nUrout  wid,  iiz.   the  quantity 

ncccffary  tufaiuratc  J  given  portion  of  nitroui  acid,  izj. 

(he  lota  of  weight  during  its  folution  in  the  nitioui  acid, 

H  h  Hi/. 
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ibU.  how  many  cubic  inches  of  elaftic  fluid  it  contains, 
224.  its  confUtuent  parts,  237.  to  make  artificial  chalk, 
239.   does  not  differ  from  true  chalky  241.     , 

Cbarcoaly  the  quantity  neceflary  for  the  redudiion  of  metals  by 
the  burning  glafs,  314.  the  feparation  of  elaftic  fluid  ia 
the  redu^ion  of  miniuniy  is  not  owing  to  it,  318.  experi- 
ments to  prove  that  it  has  fome  fluuv  in  it,  320* 
its  calcination  in  a  gun- barrel ,  ibid*  the  quantity  of  fix- 
ed air  fep^ated  from  it,  ibid,  its  diminution  in  weight, 
322. 

Cofptr  diflblved  in  the  nitrons  acid,  its  combination  with 
water  impregnated  with  fixed  air»  371.  its  mixture  with 
a  folution  of  calcareous  earth  by  fixed  air,  374. 

Copper  diflblved  in  the  vitriolic  add,  its  combination  with 
water  faturated  with  elaflic  fluidy  371.  its  mixtnie  with 
a  folution  of  calcareous  earth  by  fixed  air,  375. 


D. 


Deionnation  of  nitre  and  fulphur  in  vacuo. 


E. 

Earth  alkaline,  the  quantity  of  it  contained  in  chalk,  23S. 
may  ex  ill  in  three  dates,  251.  all  fpars  do  not  contain 
an  equal  weight  of  it,  note  of  page  254.  how  much  is 
contained  in  kali,  260. 

Earth  calcareous,  its  folution  in  water  impregnated  with 

fixed 


INDEX. 

fixed  air,  150.  in  the  nttroDi  acid,  181.  its  prvcipifa- 
tion  by  the  foflile  alkali,  i8z.  its  tncncarc  in  weight, 
iiiJ,  it  ti  then  in  the  Hate  of  catcareoui  earth  or  chilk, 
iiid.  itf  precipitation  hy  the  cauftic  folEle  alkali,  zSj. 
tt  i)  then  in  the  tlate  of  lime,  184.  iti  precipitation  by 
the  concrete  volatile  alkali,  iiiJ.  'm  incrcdfe  in  weight, 
28;.  is  then  in  a  flaie  of  calcarcoai  earth,  ibiJ.  the  vo- 
latile cauflic  alkali  dors  not  precipitate  olcarcout  earth 
diflolvcd  in  acidt,  ibiii.  the  precipitation  of  mcrcary  by 
nlcarcflui  earth,  291.  the  precipitation  of  iron,  194. 
the  folation  of  calcareous  earth  by  tlie  elalUc  fluid,  com* 
biaed  with  different  ttAt,  29$. 
Mgirvf/irBti  hai  ■  place  in  all  roetallic  rcdudioni,  297. 


fbuJ  eUftic,  the  Dumber  of  cubic  inches  of  it  feparated 
from  chalk,  zjS.  the  tjoontity  of  it  contained  in  Qaked 
line,  141.  in  chalk,  ittJ.  iu  combination  with  Ume, 
243.  it>  cambinaiton  with  lime  water,  'kid.  prvcipitatci 
lime  water  ibiJ,  the  <]UAnttiy  of  it  contained  in  fpar, 
t%\.  number  of  cubic  incbe*  of  it  conuincd  in  ■  given 
qaaaijly  of  the  folCle  ■lk4li,  2^7,  its  gravity,  Hid.  it» 
paOtgc  ffom  the  tofiile  alkali  iiif^  lime,  261.  incrcafes 
the  weight  of  liinr,  liid.  the  nsmber  of  cubic  inchei  of 
it  feparaied  frosi  a  gliren  (juantity  of  the  voblile  alkali 
by  iu  folutloa  in  ibi  nitroua  aciJ,  170.  tt>  weight  le- 
dnccd  to  a  cubic  incb,  271.  iti  palTage  from  the  voUtila 
alkali  into  lime,  27]-  incrcafci  the  weight  of  time 
H  h  1  ioEo 
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into  which  it  pafles»  276  k  feq.  it  always  found  in  the 
fame  quantity  whether  in  lime  or  the  volatile  alkali,  278. 
may  be  combined  with  metallic  fubftances,  297.  eidfk 
in  metallic  calces,  means  to  obt:un  it,  299.  the  quantity 
of  it  feparted  in  the  redudion  of  minium  by  a  burning 
glafs,  301*  in  a  retort,  309.  in  a  gun  barrel,  319. 
experiments  to  determine  the  quantity  of  elaftic  fluid  dif. 
charged  from  metallic  calces,  324.  cosjeAuret  on  the 
exifience  of  a  particular  kind  of  it,  conuined  in  common 
air,  325.  means  to  obtain  it  in  a  pure  ftate  from  efier- 
vefcence,  34a.  method  to  bottle  it,  and  preierve  it  a 
long  time  without  alteration,  346.  appaiatua  to  decant 
it,  347*  to  pafs  it  into  what  liquor  you  judge  proper, 
348.  the  eJFed  of  that  difcharged  from  effervefcence,  and 
that  from  calx  of  lead,  upon  animals,  351.  conjedVures 
on  its  cfFefls,  352.  the  elFcd  of  thefe  two  fluids  on  in- 
flammable bodies,  il^U.  their  pafTage  through  lime  water, 
355.  a  part  combines  with  the  lime  and  precipitates  it, 
357.  the  efie6t  of  that  portion  which  is  not  abforbed  by 
the  lime,  upon  animals  and  inflammable  bodies,  358. 
rcfleflions  on  the  quantity  of  elallic  fluid  abforbed  by 
lime  water,  360.  an  intenfe  and  long  continued  cold 
docs  not  change  the  nature  of  it,  365.  is  not  lefs  noxious 
to  animals,  extinguiihes  candles,  and  precipitates  lime 
water,  368.   that  from  eflwvcfccnce  and  metallic  calces 

are  much  the  fame,  ihiJ.    they  both  contain  a  j  yrtion  of 

• 

air  analogous  to  common  air,  i^/V/.  not  poflibie  to  de- 
cide whether  thefe  two  fluids  compofe  our  atmofphere  or 
not,  369.  for  iti  combination  with  water,  /ee  ivater  im- 
pre  gnat  ed  ivith  fixed  air. 


INDEX. 


GtlJ  iiffolvci  in  aqaa  regtx.  371.   its  combination  with 
water  impregnated  with  fixed  air,  iiiJ.   iu  mixture  with 
'  a  Iblution  ofcalcxreoas  earth  by  fixed  air,  376. 
Gait  barrel,  m  ufe  in  redaftion*,  jiq  &  Teq. 
powder  doei  not  explode  tn  vacuo,  400. 


Hydramtitr,  proper  to  determioe.  wi 
tliefpecific  weight  of  flmidt,  241. 


K 


ight  of  lime,  diflblvcd  by  add),  and  predpi- 
by  an  alluli  that  contain*  air,  tSi. 
/nmiiA  in   wcigitt  of  lead  by  c.-ilcination,  317.   what  it 

ante*  Uam,  31S. 
l*<rtaji  in  Weight  uf  burning  pHofphorus  not  owing  to  water, 
383.  it  arifn  rmm  itt  comhinaiion  with  the  air,  orctaflic 
fluid  contained  iu  the  air,  thtd. 
ii0aMMahli  bodin  ceafv  to  burn  in  fixed  air,  3;4-  do  not 

bom  in  air  from  metallic  reduAioni,  3;;. 
/rMr,  propcvtjon  nceeirary  lo  (iiiunue  «  given  quantity  of 
ninou*  acid,  193.  it)  foluiion  in  that  acid,  iltid.  lo(«  of 
wdghi  during  it*  folution,  i'y\.  iu  predpitation  by  cal- 
carcoui  eanh  and  by  lioie,  ihid.  wdght  of  the  predpi- 
H  h  3  taie. 
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tatc,  295.  the  combination  of  iron  diffolved  in  the  vitri- 
olic acid  with  water  impregnated  with  fixed  air,  371. 
the  fame  with  calcareous  earth  diflblved  by  fixed  air, 
373.  its  combination  when  difTolved  in  the  nitrons  acid 
with  fixed  air,  375.  the  fame  with  a  folution  of  calca- 
'  rcous  earth  by  fixed  air,  376. 


L. 


LeaJ,  what  its  increafe  of  weight  in  caldnadon  is  owing  to; 
316.  its  calcination  by  a  burning  glafs,  327,  diminu- 
tion of  the  bulk  of  air  in  which  it  has  been  calcined  with 
tin,  332.  its  calcination  under  a  receiver  inverted  in 
mercury,  333.  diminution  of  the  bulk  of  air,  335.  in- 
creafe  in  weight  of  its  calx,  336.  the  efied  of  air  in 
which  lead  has  calcined  upon  inflammable  bodies,  and 
lime  water,  336  and  337.  its  combination  when  difTolv- 
ed in  the  nitrous  acid  with  water  impregnated  with  fixed, 
air,  371.  the  fame  with  a  folution  of  calcareous  earth  by 
fixed  air,  372.  for  redudlion  of  the  calx  of  lead,  fee  mi- 
nium. 

Lime^  how  much  water  is  necefTary  to  extinguifh  it,  230. 
its  flaking  in  vacuo,  212,  its  folution  in  the  nitrous 
acid,  233.  proportion  necefTary  to  faturate  21  given  por- 
tion of  nitrous  acid,  234.  its  lofs  of  weight  during  the 
folution,  ibid,  the  number  of  cubic  inches  of  elaflic  fiuid 
feparated  from  it  by  the  folution,  235.  its  conflituenr 
parts,  237.  its  converfion  into  chalk,  239.  contains 
matter  of  fire>  252,  retains  it  after  it  has  been  flaked, 

•    ihid. 
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UiiJ.  in  caullicity  ii  not  derived  from  this  fiuf  matter, 
140.  acquires  from  the  foffile  alkali  the  property  of  efter- 
lefcencr,  163.    mixt  with  a  folution  of  foda  diminifliei  ic 
in  weight,  ihi-   acquires  itfclf  an  increare   of  weight, 
aA;.   attrafli   fixti  uir  from  kali,  ibiJ.    the  quantity  of  J 
lime  nci:cirary  entirely  to  deprive  foda  of  iti  fixed  air.f^ 
i(>%.  combined  with  a  folution  of  the  volatile  allcalt  lolea 
weight,  Z71,    the  quantity  of  lime  neccfTary  to  reduce  a 
folution  of  the  volatile  alkali  to  a  petfcft  llatr  of  cauili- 
city,  175,   iti  prtcipitation  by  the  {bl&Ie  alkali  when  dif- 
folved  in  the  niuous  acid,  283.   the  precipiuie  ii  in  a 
ftace  of  calcareous  earth,  liy  precipitation  by  the  caullic 
foffilc  alkali,  iM.   increafe  in  weight,  ittj.   the  ftate  of  ' 
the  precipitate,  ^^i^.   precipitation  by   the  volatile  c 
Rcte  alkali,  18;.   tncreafe  of  weight.  Hid.   iufUteaftcrfl 
precipiiatioa,  iS6.    the  volatile  cauAic  alkali  iJoei  not  1 
caufe  any  prcciplation  of  lime  diflblred  in  the  nlnou) 
acid,  28;.   the  precipiiaupn  of  mercury  by  it,  291.   of 
iron,  19]. 
Limi-waiir,  iti  fpeciAc  gravity,  247.    iti  combination  with 
water  impregnaied  with  fixed  air,  (&'/.    may  be  brought 
back  \a  the  weight  of  diAilled  water  by  fixed  tiir,  a^S. 
abfatbi  a  portion  of  fixed  air  from  cfFcrvcfccnce,    nnd 
from  metallic  redodiont I  357.  wliat  remains  unabforbe<l 
it  partly  commoKair,  itid.  is  nut  fo  fatal  to  animals,  but 
extiffgaiJlief  flame,  158. 


r. 


crcafe  of  weight  by  the  folutiony  291.  its  p 
by  chalk  and  lime,  292.  weight  of  theprecij 
combination  of  mercury  di/ToIved  in  the  n 
with  water  imprcgaated  with  fixed  air,  371 
combination  with  a  folution  of  calcareous  eai 
air,  372. 

Mitals,  in  general  have  a  nearer  affinity  with 
with  fixed  air,  372. 

Minium,  its  reduction  by  the  burning  glafi,  s 
which  arifes  in  the  operation ,  301.  feparatii 
air,  302.  qaantity  of  coal  necefTary  to  redi: 
the  inconvenience  of  the  burning  glafs  in  this 
303.  apparatus  for  the  purpofes  of  preparins 
meafure  the  quantity  of  air  feparated,  304. 
in  the  choice  of  retorts,  306.  defcription  of  r 
quantity  of  fixed  air  feparated,  309.  loG  of  vi 
reparation  of  water,  313.  comparative  weij 
to  minium,  ibid,  the  redudion  of  miniuni  in 
rel,  322.  obfervations  on  this  redudlion,  32^ 
of  the  elaftic  fluid  fcparated  from  miniuni »  fe 
tic. 


tbgijhn  comhlaed  wiih  Wquon  diminillit*  iheir  fpecific 
gravity.  i6;.  irximplc  m  fpirit  of  wine  and  oili,  liij. 

^ktffttrai,  iu  bufoing  under  a  receiver  inverted  in  wucr, 

'3-7.  a  grain  of  it  abforbi  two  or  three  indiei  of  nir, 

'378.  ihe  ahforpiion  by  it*  burning  is  about  ^^  375.  what 
remain)  after  if  combullion,  580.  il»  burning  under  a 
receiver  inverteil  in  mercury,  j8o.  phofphoric  acid,  3B5. 
the  qnanilty  which  inny  be  bamed  in  a  certain   bulk  of 

"air,  jBi.  itt  incrcafe  in  weight  during  burning,  383. 
tliii  increafe  is  owing  to  water  contained  in  the  air,  386. 
confequeacet  rtfnlting  from  it,  ikid.  experimtrnti  to 
prove  the  diminution  in  bulk  of  the  nir  19  not  owing  to 
the  abforption  of  water,  387.  the  combuftion  of  phof- 
[ihorui  in  an  aimnfphcrc  of  water  reduced  intn  vapour), 

'^B3.  obfervations  whether  the  incrcBfe  of  weight  be  ow- 
in^  to  an  acid  in  the  water,  392.  coofcqucnces  of  fop- 
Idling  the  increafe  of  weight  !>  owing  to  the  phofphoric 
■cid,  393.  phofphorus  doc»  nnt  burn  in  \-acuo,  335. 
cfie£t  of  air  in  which  St  has  barned  upon  animali,  401. 
Bpon  wax  lightj,  ihii.  in  mixture  with  clafiic  fluid, 
404. 

Wti^iMiM  of  metal*  by  calcateooi  earth  and  chalk,  194. 


II  for  the  rcdoAioii  of  die  calx  of  Icadi  309. 
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Sihir  diflblved  by  the  nitrous  acid,  its  combinitioa 
with  water  impregnated  with  fixed  air,  371,  its  nuxtnre 
with  a  folution  of  calcareous  earth  by  fixed  air,  373. 

Spar^  diminution  in  weight  by  its  folution  in  the  nitrons 
addy  note  of  255.  proportion  of  nitrous  add  neceflary 
to  faturate  a  given- quantity  of  it»  ibid,  quantity  of  elaftic 
vapour  it  contains,  i^V.  different  parcek  contain  diffe- 
rent portions  of  alkaline  earth  and  fixed  air,  ikiJ. 

Sukfiances  metallic,  fixed  air  combines  with  them  by  pred- 
pitation,  289*  their  combination  with  fixed  air>  297. 
it  is  from  this  fluid  they  owe  their  increafe  of  wdght 
during  calcination,  298. 

Sulphur  does  not  burn  in  vacuo,  400.  combined  with  nitre 
does  not  detonnate  in  vacuo,  401. 

Syrup  of  violets,  its  combination  with  water  impregnated 
with  fixed  air,  372.  its  mixture  with  calcareous  eartk 
diflblved  by  fixed  air,  373. 


T. 


Tin  its  calcination  by  the  burning  glafs,  330.  diminution 
in  bulk  of  the  air  in  which  it  has  calcined,  ibid,  increafe 
in  weight,  ibid,  its  calcination  with  lead,  331.  dimi- 
nution of  the  air,  ibid,   increafe  of  weight,  ibid. 

Fiiriol 
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7/riW  of  copper,  its  combination  with  wster  impregnated 
with  eloitic  fluid,  371.    with  a   folntion  of  cakareout 
ciirlh  by  fixed  «ir,  373. 
Viirinl  of  iron.  Its  nixiure  with  water  and  fixed  ur,  371. 
with  ■  folution  of  calcareoui  earth  by  fixed  air,  jjj. 

'iiria!  of  zinc,  iu  combinition  water  tmprcgnsted  wtih 
fixed  air,  371.  witli  a  foluiion  of  calcareouteanh  by  fix- 
ed «ir,  373. 


Wfir  the  qgnnnty  of  it  contained  in  Halted  lime,  137. 
chalk,  preccfi  to  fupply  il  with  fiied  air,    139. 

Icili  contAins  it,  i6i.  minium  contaiaj  a  liiiJc  of  it. 
3"3- 

'airr  impregnated  with  clallic  fluid,  prnccG  for  id  34;. 
iti  fpccific  gravity,  147.  iti  combination  with  lime 
water,  14B.  diSblvci  calcareout  earth,  370.  iti  mixtare 
with  different  tells.  371.  with  fyrup  of  Yiolet*,  37s. 
'aitf  impregnated  with  elaflic  fluid  aod  faiurated  with  col- 
careoui  earth,  i[«  combination  with  diCereot  teft«,  371. 

WaitT  Itm,  fee  lime  water. 

Z. 

Zint  dilTolves  in  the  vitriolic  acid,  ]7i.  iti  combination 
with  water  iinprejjnated  with  fixed  air,  ihiJ.  with  a  io- 
latiofi  of  calcareoui  earth  by  fixed  air,  373, 
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